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ABSTRACT

The airborne transmission loss across resilient mounting systems is investigated

by developing an analytic model of the transmission of vibration from a point-driven,

simply supported plate to a parallel infinite plate through the air separating the plates.

Predictions of airborne transmission losses are compared with transmission losses

through resilient mounts to quantify the role of the airborne path in transmission losses

through well designed, single-stage resilient mounting systems. The sensitivity of the

airborne transmission losses to separation distance, thickness of the receiving plate, size

of the driven plate and damping in the plates is presented.
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NOMENCLATURE

c speed of acoustic wave propagation

D bending rigidity

E modulus of elasticity

f frequency (fz)

F input force

G(r/r s ) Green's function

h thickness of the plate

i square root of-1

k acoustic wavenumber or stiffness

kp free bending wavenumber in the infinite plate

Lx  length of plate A in the x direction

Ly length of plate A in the y direction

xo, yo drive point on plate A

z distance between plates

w plate response

7 ratio of specific heats = 1.4 for air

TI damping factor

9t viscosity of fluid

V Poisson's ratio

p density

0) frequency (rad/s)

W°o resonance frequency



Chapter 1

INTRODUCTION

Resilient mounts are often used to reduce the propagation of unwanted vibration

from a machine to its foundation or to reduce the transmission of motion of a foundation

to vibration sensitive equipment. Most research on and development of resilient

mounting systems has focused on the structureborne paths through the mounts. The

often neglected airborne path between the vibrating machine and foundation is

considered in this thesis by developing an analytic model for the airborne propagation of

vibrations from a finite elastic plate to a parallel infinite plate. In the model, the unsteady

pressures generated by vibration of the upper plate are propagated to the surface of the

infinite plate where the incident unsteady pressures excite the infinite plate into vibration.

The airborne transmission loss is then computed as the ratio of the amplitudes of the

vibrations of the two plates.

A simple diagram of a mounting system using four rubber mounts is shown in

Figure 1.1. Using four-pole parameters as developed by Molloy (1), the transmissibility

of vibration from a vibrating rigid body foundation with uniform velocity to an

unconstrained mass is given by

C2
v ira + O)o2 1.

T v C 2 2T=n 0- . . 1.1

V,-io) + 0)o 2 -  2

where the undamped natural frequency is given by

(00 = 1.2

and

C =4 times the damping factor for one mount

k =4 times the stiffness of one mount
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rigid body (lumped mass)

v

resilient mounts v

Figure 1.1 Simple diagram of a mounting system



m = the mass of the mounted item. 3

Using equation 1.1, the vibration transmission losses for propagation through mounts

with different natural frequencies are plotted in Figure 1.2. According to equation 1.1,

the transmission loss increases indefinitely as one over the frequency squared at

frequencies much greater than the natural frequency. However, measurements on single

stage mounting systems have rarely shown transmission losses as high as the predicted

losses given in Figure 1.2.

There are several reasons why the transmission losses predicted by equation 1.1

are not achieved in reality. Some of these are:

1. Structureborne flanking transmission paths through mechanical connections to

the mounted machinery, such as piping, electrical connections and duct work.

2. Wave effects in the mounts at high frequencies where resonances inside the

mounts occur increase the transmissibility through the mounts. This effect

has been previously studied; see, for example, Snowdon (2).

3. Airborne transmission from the vibrating structure across the mounts to the

vibration sensitive structure or equipment.

Because the last effect is often neglected in mount design and because the airborne path

may be a significant factor in the transmissibility for single stage mounts at high

frequencies, it will be the subject of this thesis.

Heckl (3) measured the vibration transmission loss from a wall to a plate parallel

to the wall with and without mounts. The transmission loss was first measured with the

plate mounted on rubber mounts having a fundamental resonance of 40 Hz. The mounts

were completely removed and the transmission loss measurements repeated with the

same distance between the plate and the wall. Figure 1.3 shows the transmission losses
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between the plate and the wall with and without the mounts. Above 100 Hz, the

vibration transmission losses with the mounts are nearly equal to the losses without the

mounts. This suggests that energy transmitted between the plate and the wall via the

airborne path is nearly equal to the energy transmitted from the plate to the wall via the

structureborne path through the mounts.

Ungar (4) treated the air beneath the isolated equipment as adding stiffness to the

stiffness of the resilient mounts, thus increasing the stiffness of the mounting system.

The resonance frequency of the entire system including the resilient mounts and the

entrapped air is:

fn = ( - ) 4(ka + ks)/m 1.3

= 4/fa2 +fs2

In the absence of air the resonance frequency f. of the mounting system is:

f s I- -) 4 ks/m- 1.4.

where

ks = the static stiffness of the mounts

m = the mass of the mounted item.

Without the mounts, the resonance frequency fa of the entrapped air is:

fa f 1.5

ka = Po/d

where

ka =the stiffness of the air

T = ratio of specific heats = 1.4 for air

po = the ambient air pressure

d = the air gap thickness
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Figure 1.4 shows the classical transmission loss curve without the air (curve A)

and the transmission loss with the combined stiffness of the mounts and entrapped air

(curve B). These curves indicate that the airborne path may be significant in the

transmission across resilient mounts.

The results in Figure 1.4 are only valid when the air is entrapped. If the space

between the mounted equipment and its foundation is vented, then the inertia and

viscosity of the air must be taken into account when calculating the transmission loss. If

the air is allowed to escape freely from under the edges of the mounted equipment, the

contribution by the air to the total stiffness may be less at low frequencies.

The above analysis does not apply at higher frequencies because it assumes that

the base of the isolated equipment moves as a rigid body. At higher frequencies the

equipment and foundation no longer behave as rigid bodies.

To include the effects of the venting of air in between the mounted equipment

and its foundation, and the elastic vibratory motion of the mounted equipment and

foundation, an analytic model for the airborne transmission between parallel elastic

plates is developed in this thesis. In Chapter 2, the mathematical model for the response

of a finite plate to a point excitation and the airborne transmission loss from the finite

vibrating plate to the vibration response of a parallel infinite elastic plate is derived.

Predictions of the airborne transmission loss are presented in Chapter 3 and compared to

predicted transmission losses through resilient mounts. Also the dependance of the

airborne transmission losses on model parameters, such as the separation distance

between the plates, thickness of the infinite plate, size of the finite plate, frequency and

damping in the plates are presented. Conclusions and recommendations for additional

research are given in Chapter 4.
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Chapter 2

ANALYTIC MODEL

2.1. Introduction

In the analytic model of the airborne transmission from a vibrating piece of

machinery to its supporting structure, derived here, the foundation (receiver structure) is

modeled by an infinite flat plate (plate B) and the machinery (source structure) is

modeled as a finite flat plate (plate A) parallel to the surface of the receiving structure as

shown in figure 2.1. In developing this model, the following steps are taken.

1. The solution for the response of the top simply supported plate (plate A) to a

point excitation is derived using classical modal expansion.

2. Euler's equation is used to relate the velocity of plate A to the unsteady

pressure on the surface of plate A facing the infinite plate (plate B).

3. Using the wave equation, the pressure on the surface of plate A is propagated

to the surface of plate B.

4. Fourier transforms are used to transform the pressure on the surface of plate

B into wavenumber space.

5. Using the Green's function for plate B in wavenumber space, the solution for

the response of plate B to the pressure on its surface is obtained as the product

of the Green's function and the pressure on the surface of plate B.

6. The inverse Fourier transform is taken to obtain the spatial distribution of the

response of plate B.

7. Predictions of the transmission loss are derived by taking the ratio of the

averages of the vibration responses computed for plates A and B.
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F

Plat B xshadow zone of plate A

Figure 2.1 Infinite flat plate with a finite flat plate parallel to it
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2.2. Assumptions

One of the assumptions in the development of the analytic model is that the

impedances of the plates are much larger than the acoustic impedance of the air. With

this assumption, a) the effect of air loading on the vibration of plate A will be neglected,

b) the response of plate A to pressure radiated by plate B back to plate A will be

neglected, and c) the pressure on the surface of plate B will be the "blocked" pressure,

i.e. the motion of plate B will have little impact on the pressure on the surface of plate B.

Therefore, with the impedances of the plates much larger than the acoustic impedance,

the solution for plate vibrations decouple from the air pressures. Also standing waves in

between the two plates will not be included in the model.

2.3. Mathematics

2.3.1 Vibration Response of Plate A

For Plate A, simply supported, and driven by a point source located at xo and yo

as shown in figure 2.1, the plate equation is

DaV'wa Paha2 wa = F8(x-xo)8(y-yo) 2.1

where the bending rigidity of plate A is given by

Da = Ea ha 3  2.2
D afi12(l-v 2 )2.



12

where Pa is the density of plate A,

ha is the thickness of plate A,

Ea is the modulus of elasticity of plate A, and

v is Poissons ratio.

For a simply supported plate the boundary conditions are:

Wa- 0
a2Wa for x = ± Lx/2

= 
0

and
W a =01

a2Wa for y = ± Ly/2 2.3

With opposing edges simply supported, the solution is separable, so that

wa(x,y) = X(x)Y(y) . 2.4

To satisfy the boundary conditions given by equations 2.3,

X(x) = cos [-(2m L)x]

Y(y) = Cos El x y 2.5

The solution can then be expressed as

00 00 Co [ (2m+l) x x csr(2n+l) xy

wa(x,y)= Amn [2SL 1 X ] [(L- L. 2.6
m=O n=O
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The resonant frequencies omn are obtained by using equation 2.6 in the homogeneous

equation 2.1,

m 2 _ D a  [(2m+l)x] 2 + [(2n+l)x 2 } 2 2.7
% n -Paha L E -

Now using equation 2.6 in equation 2.1, and operating with

Lx Ly/2

fcos [( 2 m' - ) x x ] Cos r Lxy

-LxJ2 -Ly/2

and using orthogonality yields

[(2m+1)7cxo] (2n+l

Amn M w 2 o 2 2.8

where Mp = Paha Lx Ly.

Using equation 2.8 in equation 2.6,

wa(X,y) =
cc cccs(2m+l)xxolco r(2n+l')Xyo [(2m+l)xx] r,(2n+l)xy]

4F2  L x L JsL - 1CO -C---iJoL- -oL  "

Mp,=O n-0 [Wmn O2 ]

2.9

Taking the Fourier transform of equation 2.9

F O [(2m+l)xxo] [(2n+l)7rYo]

wa(kxy) = aL [ 0m 2 2 Imn(kxky) 2.10
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where

C @0 r(2m+) xr(2n+l~irv].ix

Im(kx'ky)= icos[L 2n1 . j e e -ky dx dy 2.11
-00 -00L

Imn(kx y) is evaluated in Appendix A.

2.3.2. Acoustic Field Between Plates

The unsteady pressure in the air between plate A and plate B satisfies the wave

equation which, for harmonic time dependence e -i0ot, becomes the Helmholtz equation,

V2p +k2p =0 2.12

0)
where k - is the acoustic wavenumber.

Taking the Fourier transform of equation 2.12 yields

2_ 2 2.13(k2 kx2 _ ky2 + z2) P (kxky;Z) = 0 2.13

The solution to equation 2.13 is

p (kx,ky;z) = A ei(k2"kx2"ky2 )1/ 2z 2.14

At the surface of plate A, the velocities of the air and the plate are equal, so that, from

Euler's equation with harmonic time dependence, we have

2 ] .
poOwa w=~ ]czI =O .2.15
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Taking the Fourier transform yields

Poo)2wa(kx.ky) = a P(kx'ky;z) ]z=0 . 2.16

Using equation 2.14,

-iPoC)2w a(kx,ky)
A = (k.xTy2)1/2 2.17

So that equation 2.14 for the pressure radiated by plate A in wavenumber space becomes

p kk;)=-ip° 02wa(kxY e i(k2"kx 2"ky 2) 1/2z 2.18
-1 2kk~ 2

P (kxtky;Z) = (k2. kx2.ky )2

Using equation 2.10 in equation 2.18,

-i4Fpo o 2  ei(k2.kx2.ky2 1/2z

(kxtky;z) = Mp(k2-kx 2 ky 2)/2
CO C co[(2m+l)xxo- I Cos(2n+l)xYo'l

IOS L 2 -7- J Imn(kxky) 2.19
m=o n=O [ Comn CO ]

This is the pressure radiated by plate A into a free space, as a function of wavenumber,

kx and ky, at a distance z from the plate. The pressure driving plate B will be the

"blocked" pressure which is twice the free-field pressure given in equation 2.19.
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2.3.3. Vibration Response of Plate B

The response of plate B to the pressure on its surface is given by

wb(x',y') = 2 j j p(x,y;d) G(x',y'/x,y) dx dy , 2.20
-@0 -00

where wb(x,y ' ) is the velocity of plate B, p(x,y;d) is the free field pressure at the

surface of plate B, d is the separation distance between the plates, and G(x',y'/x,y) is

the Green's function which satisfies

DbV4G - Pbhbeo2G = 8(x-x') 8(y-y') 2.21

Equation 2.21 is the classical plate equation with harmonic time dependence and

pressure of unit amplitude acting on the plate at the point x',y'. Therefore, for the

infinite plate, plate B, the Green's function, G(x°,y'/x,y) is the velocity of the plate at

x', y' due to a unit force applied at a point x,y. Since the plate is infinite, the Green's

function depends only on the separation between the point source and the receiver, and

not on each location. Equation 2.20 can be written as:

wb(x',y') = 2 j j p(x,y;z) G(x-x',y-y') dx dy 2.22
-@0 -00

Equation 2.22 is the convolution integral and its Fourier transform is

wb(kxky) = 2 P(kxky;z) G(kxky) . 2.23

For an infinite plate, it can be assumed in equation 2.21 that x' = y' = 0, so that
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a4 a4 a4

D 2----- + 4y/ - Pbhbco2G=8(x)8(y) 2.24
bax4  aOx 2ay 2  ay

Taking Fourier transforms on x and y, and solving for the Green's function yields

G(kxky) = Db[(kx 2 + 1 kp4] 2.25

where kp4 ,the free structural wavenumber, is given by

4Pbhb 2

kp4 = w - 2.26
PDb

Using equations 2.19 and 2.25 in equation 2.23, yields

-i8Fpoo 2  ei(k2-kx2 -ky2) 1/2z

wb(kxky) = MP Db[(kx2+ky2) 2 .kp4 ] (k2 .kx2 .ky2 ) 1/2

00 0 r(2m+l)lcxo] r(2n+l)cyo]

2. Lx 2 2 Imn(kxky) 2.27
n= n=0 [wmn

Taking the inverse Fourier transform, yields the final solution for the response of

plate B,

i[(2m+l)xxo"] [(2n+l)xYo]_i S 0o 2 0 0 0 C O S [ x J C o s " 0 1O~ n "  )

wb(x,y) = -i8 bmp o I I [ COm 2  2W(,)(2x)2Mp~b ,-} n=0 2 1 ]zn-C

0 o 0 e i(k2 kx2 "ky ) Imn(kxkv) C ikxx e kyy dk dk

S 2 2 )2 _ 4 1(k2 .kx2 -ky2) 2/2  8y
-00 (kxA y kp x y2.28
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Equation 2.28 has three singularities; one at the resonance frequencies of plate

A, cmn = co, one at the acoustic wavenumber in the air between the plates,

k2 = kx 2 -ky2, and one at the free bending wavenumber in plate B, kp4 = (kx2+k y2)2

In order to solve this equation these singularities must be addressed.

At resonance frequency, the response of plate A becomes infinite because there

is no damping in the model. In reality, there is always some damping, which is added to

the model by making the bending rigidity of plate A complex,

Da Da (l+iia) , 2.29

where Ia is the damping loss factor of plate A.

The singularity at the acoustic wavenumber results from taking a Fourier

transform over the infinite spatial domain of plate B. With no dissipation, the acoustic

pressure waves in the air will propagate parallel to plate B out to infinity, so that energy

will sum to infinity when a sum is taken over all space in the infinite Fourier transform.

In reality, there will be some dissipation of the acoustic energy propagating parallel to

plate B. Also, energy that propagates parallel to plate B should couple less to the

response of plate B then energy that propagates directly across the space between the

plates and is incident on plate B at non-grazing angles. Therefore dissipation can be

added to the acoustic propagation to make the model more realistic and remove the

singularity at the acoustic wavenumber, without impacting the results at non-acoustic

wavenumbers.

Pierce (5 eqn. 10-8.9b) gives the acoustic wavenumber with absorption as:

k -+ icl' ,2.30
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where the classical absorption constant is given by (from Pierce (5 eqn. 10-2.12))

0 2.31cl'= C-' 2p o  3 t 9 )  .3

where g4 is the viscosity of air,

PO is the density of air,

9 B is the bulk viscosity of air,

y is the ratio of specific heats = 1.4 for air, and

Pr is the Prandtl number for air.

Ignoring effects of bulk viscosity (IgB) and using equation 2.31 in equation 2.30,

k*=k I I +i 1)-I2.32
c7 2p0  P

Equation 2.32 was used for the acoustic wavenumber in equation 2.28.

The singularity at the free bending wavenumber in plate B can be removed by

adding damping to the plate in a manner similar to the damping added to plate A. This

damping has the same effects as the dissipation added to the air between the plates. With

damping, the bending wavenumber can be written as

(kp) 4 = kp4 (l+ib) , 2.33

where TIb is the damping loss factor of plate B.
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2.3.4. The Discrete Inverse Fourier Transform

To evaluate the integral in equation 2.28 using numerical methods, a two

dimensional discrete inverse Fourier transform was developed based on the continuous

infinite inverse Fourier transform as defined by Brigham (6),

00 00

f(x,y) = f f F(kx,ky) e ikxx e ikyy dkx dky 2.34
-4m -00

This integral is approximated by limiting the range of integration, so that

f(x,y) - f !F(kx,ky) e ikxx e ikyy dkx dky , 2.35
-Kx/2 -Ky/2

where Kx and Ky are at least twice the value of kp as calculated from equation 2.26 or

twice the acoustic wavenumber k which ever value is larger at the frequency of interest.

These limits were selected so that the range of integration includes all of the points

where singularities would exist in the absence of added damping and dissipation and so

that the exponential term ei(k2-k2"-y 2 ) 1/ 2 decays to a small number at the limits of

integration. Equation 2.35 can be written

Kx  K y

f(x,y) = e "ixKx/2 e -iyKy/ 2 J f F(kx- Kx/2,ky - Ky/2) e ikxx e ikyy dkx dky.

0 0

2.36

Kx2 x
This integral can be evaluated using the rectangular rule with spacing hkx = N and

hky N SO
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1 -ixKx/2 -iy KY 2 hhfix,y) ,t) e y/hxk

N-I N-i 23N-1 N-Iixmhkx • iynhkY F( mhkx- Kx/2,nhky - Ky/2) 2.37

m=0 n=0

By setting x = and y= Ky where jx = 0,1,...N-1 and jy = 0,1,...N-1. Equation

2.37 becomes

21tjx 2 j 1f(-'-x-" Ky ) 2 k JL MY x (- 1) Jy hkxhky

N-I N-I i(2x) 2jxm i(2 )2jn

X N e N F( mhkx- Kx/2,nhky- K/2)
m=0 n=0

2.38

Thus, after scaling by the factors (-1) J(-1)y hkxhky, the discrete inverse

Fourier transform given by equation 2.38 approximates the continuous inverse Fourier

transform given by equation 2.35.

To calculate the plate response, the infinite summation in equation 2.28 can be
solved by starting the summation at the resonance frequencies, omn which are nearest

the frequency of interest. With this approach, the summation converges more rapidly

than beginning with the lowest mode numbers. This is seen by observing equation 2.28.

When a resonance frequency is chosen which is not near the resonance frequency of

interest, the (omn2 - o2) term in the denominator becomes large and the contribution to

the sum becomes small. When solving equation 2.28 an iterative process was used. The
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summation was taken using the resonance frequencies near the frequency of interest

until the contribution to the summation became negligible. The same process can be used

to solve the infinite summation in equation 2.9.

2.3.5. Transmission Loss between Plate A and Plate B

Transmission loss is given by

•2
TL- 10 logl0 (A A) 2  2.39

where AA is the average of the magnitude of the velocity of plate A vibration, computed

from equation 2.9 and AB is the average of the magnitude of the velocity of plate B

vibration, computed from equation 2.28.

For purposes of computation, the transmission loss for the vibration response of

plate B is computed in the shadow zone of plate A as illustrated in Figure 2.1. By

computing the vibration amplitude at N points on plate A and M points on plate B, the

transmission loss is determined using the following equation:

I N 2
R (AAi) 2

TL=101og1 0  i=1 2.40
1 M(ABJ) 2

j=l

N and M are chosen so that there are three points per wavelength at the highest

frequency.
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Chapter 3

RESULTS

The equations developed in the previous chapter are used to predict airborne

transmission losses for plate configurations which are representative of typical machine/

foundation arrangements. Table 3.1 shows the input values used in the equations. For

various input parameters, surface plots of the displacements of plates A and plate B were

obtained to show the motion of the plates and graphs of airborne transmission loss

between plates A and B as a function of frequency are presented.

3.1. Surface Plots

Figures 3.1 through 3.6 are surface plots of the motion of plates A and B for

various frequencies and damping. These surface plots are essentially a snap shot of the

displacement of the plate. The surface plots for plate A were obtained using equation 2.9

in a FORTRAN computer program. The surface plots for plate B were obtained using

equation 2.28 in a FORTRAN computer program. The discrete inverse Fourier

transform as described in equation 2.38 was used to solve the integral part of equation

2.28.

In Figures 3.1 through 3.6 the figure with the "a" suffix is the surface plot of

plate A and the figure with the "b"suffix is the surface plot of plate B. The x and y

ordinates are the dimensions of the plate in meters (m). The vertical axis is the amplitude

of displacement of the plate in meters. The parameters used to make the predictions

presented in Figures 3.1 through 3.6 are listed in Table 3.1 and shown on the surface
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Table 3.1
Input parameters for calculation of surface plots and transmission loss curves

Parameters of Finite Plate (Plate A)

dimensions of plate ........... = lI.O = 1.0 rm

driving point ................... = 0.0 yo = 0.0 im

driving force .................... F = 1.0 N

plate thickness ................. ha = 0.001587 m

plate density .................... Pa = 7860.0 kg/m 2

modulus of elasticity .......... Ea = 200 x 109 N/m2

bending rigidity ............... Da = 72.73 N/m

damping coefficient .......... Tla = 0.001

Parameters of Infinite Plate (Plate B)

plate thickness ................. hb = 0.001587 m

plate density .................... Pb = 7860.0 kg/m2

modulus of elasticity .......... Eb =200 x 169 N/m2

bending rigidity ............... Db = 72.73 N/m

damping coefficient. ...... 7b= 0.001

Parameters for Fluid (Air)

density ........................... Pb = 1.204 kg/m2

viscosity .......................... = 0.0000184 kg/ms

speed of sound .................. c = 343.0 m/s

Prandtl number ................. Pr = 0.706

specific heat ratio .............. y= 1.4

distance between plates ........ z = 0.1 m
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plots. Surface plots were generated for a low resonant frequency, a low non-resonant

frequency and a high resonant frequency, for both high and low damping. Plate A is a

square plate with a sinusoidal force of 1 Newton (N) (0.2248 lb.) applied in the center.

Both plates are steel. The edges of plate A are at zero amplitude as required by the

simple supports at the edges.

Figures 3.1, 3.2, 3.3, and 3.4 show plate A and plate B excited at 37.93 Hz

which from equation 2.7 is the n = 0, m = 1 resonant mode of plate A. In figures 3.1

and 3.2 both plates are highly damped ('la = Tib = 0.1) and in Figure 3.3 and 3.4 both

plates are lightly damped (Ila = 11b = 0.001). Comparing Figures 3.1 and 3.3 it can be

seen that the amplitude of the undamped plate A is much larger than the highly damped

plate A. This illustrates the well known effect of damping at reducing the resonant

response of structures. Comparing the responses of the damped and undamped plate A

(Figures 3.1 and 3.3), it can be seen that the mode shapes are the same even though the

maximum amplitude of the plate vibration is different.

The symmetry of the waves excited in plate B and propagating outward from the

shadow zone of plate A can be seen clearly in Figure 3.2. In this figure, the exponential

decay due to damping can also be seen. The amplitude of the waves in the middle of

plate B directly beneath the top plate is large and the waves decay exponentially as they

spread towards the edge of the plate. In Figure 3.4 for the lightly damped plate B it can

be seen that the plate is fully excited. Also, because of the decrease in the amplitude of

vibration of plate A, the vibration of plate B in the shadow zone is lower with high

damping than with low damping.

Figures 3.5, 3.6, 3.7, and 3.8 show plate A and plate B excited at 110 Hz,

which is not a resonance frequency of plate A. It is between the m = 2, n = 0 resonance

at 98 Hz and the m = 2, n = 1 resonance at 129 Hz. The mode shape of the damped and

undamped plate A (Figures 3.5 and 3.7) are similar to each other. The



26

N -n

CC

U'4'

cm N

g-.



27

CC

- - !

0..

cm 0



28

0zc

CC

- C=

6.j.

C0

CID M
,-! ,- .

-D - -

- -- O

~ CD

0 0 0 0
(N -- (

6 8C



29

4N

CU

-

LO0

- ,..CD

.~. ~ w. Lei
.- Q

~ ~ - - O

K K - K
o ~0

-o



30

CK

cc0

C=U

0

LO,

C))
cc-

p c m,
-~ .e r



31

CC

CC

z C D

Ncc

LOU

- I i

xC

C=0

C2
cm;

-to-



32

C=

- CD

Nn

cl b0

C"!;

IL)

C CD

Cm4en

in" ,~ CI I



33

C=,

s 0 LO

-~c 2

- - ~. g O

~ 0 C-)

o to

* I *



34
difference between the amplitudes of the damped and undamped plate A is not as great

as at the resonance frequency (Figures 3.1 and 3.3). This is because damping in the

plate is less effective at reducing structural response of a structure off resonance than at

resonance.

The radial symmetry of the waves excited in plate B can again be seen in Figure

3.6 with the high damping. The exponential decay of the waves toward the edges of

plate B produced by the damping can also be seen. The response in the shadow zone

shown in Figure 3.6 is negative, opposite that shown in Figure 3.1. Again with light

damping, plate B is excited both in and out of the shadow zone, as shown in Figure 3.8.

Figure 3.9 is a surface plot of the inverse Fourier transform of equation 2.19

using the same input values as for Figure 3.1 and 3.2. This is the pressure incident on

plate B at a low resonance frequency and high damping (37.9 Hz and TI=0.01). It can be

seen in this figure that the pressure distribution on plate B closely follows the mode

shape of plate A as shown in Figure 3.1. Figure 3.10 is a surface plot of the inverse

Fourier transform of equation 2.25 using the same inputs. This is the Green's function

of Plate B. Equation 2.23 is the response of plate B and is obtained by combining

equations 2.19 and 2.25 and multiplying by 2. Similarly, if each point on Figures 3.9

and 3.10 are combined and multiplyed by 2, the result is Figure 3.2, the response of

plate B. Figures 3.11 and 3.12 are the pressure and Green's functions respectively for

110.0 Hz and il=O.1. These two figures can be combined in the same manner to obtain

the plate response shown on Figure 3.6. Comparing the pressures shown in Figures 3.9

and 3.11, the effects of the resonant response of the plate on the increase in the pressure

incident on plate B in the shadow zone can be seen. At resonance, the incident pressure

is higher. Figures 3.10 and 3.12 show the effects of free propagation in the infinite plate

outside the shadow zone. At the higher frequency, the wavelength for free propagation

is smaller.
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3.2. Transmission Loss between plates A and B

Predictions of the motions of plate A and plate B obtained by using equations

2.9 and 2.28 in equation 2.40 to predict the transmission loss in decibels from 10 Hz to

5000 Hz are presented in Figures 3.13 through 3.18. Unless otherwise noted, the

parameters listed in Table 3.1 are used, with the separation distance between the plates,

the thickness of plate B, the size of plate A, and the damping varied. The values in Table

3.1 were chosen to simulate a typical sub-base and foundation for a medium sized piece

of equipment. Also shown in Figures 3.13 through 3.18 is the theoretical transmission

loss for simple resilient mounts with a resonance frequency of 5 Hz as computed in

equation 2.1 and shown in Figure 2.2. The parameters given by Snowdon (2) for

rubber mounts were used in equation 2.1.

In Figure 3.13 the effect on airborne transmission loss of changing the

separation distance between the plates from 0.01 m to 0.5 meters is presented. Above

100 Hz all of the curves, except for the curve for 0.5 m, fall below the transmission loss

curve for the mounts. This implies that the airborne path would degrade the performance

of the isolation system even for the largest separation distances. Increasing the

separation distance increases the airborne transmission losses at frequencies between

100 and IK Hz. Below 100 Hz, the separation distance has little impact on the airborne

transmission losses, other than at the frequencies where maxima and minima occur in

the transmission loss. The minima in the transmission loss curve below 100 Hz may be

due to a resonance associated with the effective masses of the plates and the effective

stiffness of the air between the plates. For separation distances greater than 0.05 m,

plate B moves out of the acoustic nearfield of plate A at frequencies above 1K Hz, so
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that the transmission losses above 1K Hz become less sensitive to separation distance

than at frequencies below 1K Hz.

In Figure 3.14 the effect on airborne transmission of changing the thickness of

plate B from 0.1587 cm (1/16 in.) to 1.27 cm (1/2 in.) is shown. Below 1K Hz,

increasing the thickness of the receiver plate increases the airborne transmission losses at

all frequencies. Above 100 Hz, the transmission losses for the 0.0157 cm (1/16 in.)

thick plate are below the transmission losses for the mounts. Below 1K Hz, the

transmission losses for the two thicker plates are above the losses for the mounts.

Above 1K Hz, the transmission losses for all three plates are below the losses for the

mounts. Increasing the stiffness of the receiving plate by increasing the thickness

increases the airborne transmission loss so that the airborne path is not significant at

lower frequencies (below 1K Hz); however, at higher frequencies (above 1K Hz) the

airborne path remains a problem even when the stiffness of the structure is high.

In Figure 3.15 the size of plate A is changed from 1 m x 1 m to 0.1 m x 0.1 m.

Above 100 Hz, the transmission losses for the two larger plates are below the

transmission losses for the mounts and above 300 Hz, the airborne transmission losses

for the smallest plate is also below the losses for the mounts. Decreasing the area of

plate A without changing the separation distance increases the ratio of the area on the

sides between the plates available for air to escape to the surface area of plate A and the

surface of plate B in the shadow zone. Thus, with the smaller plate, a larger percentage

of the energy in between the plates is permitted to escape which increases the airborne

transmission losses between the plates at low frequencies. At the higher frequencies, air

entrapment becomes less of a factor, decreasing the effect of the size of plate A on the

airborne transmission loss. Also the dip and peak in the airborne transmission loss curve

for the large (1 m x 1 m) plate are reduced when the size of plate A is decreased. This

may be a damping effect produced by an increase in the percentage of the energy
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between the plates lost to propagation out from between the plates through the openings

at the sides of the plates.

In Figures 3.16 and 3.17 the damping in plates A and B was changed for two

different separation distances between the plates. In Figure 3.16 the distance between

the plates is 0.1 m and the damping is increased from 0.001 (a typical number for an

undamped steel plate) to 0.1 (a typical number for steel with damping applied). In

Figure 3.17 the distance between the plates is 0.01 m and the damping is varied in the

same manner. For both of these graphs the airborne transmission loss curve for the

highly damped plate follows the same trend as for the lightly damped plate; however,

with damping, the curves are much flatter. This shows the effect of damping which

works primarily at resonances. For both separation distances, damping increases the

airborne transmission losses at 63 Hz where the airborne transmission loss with light

damping is below the transmission loss curve for the mounts. However, above 100 Hz,

where the airborne transmission loss curve does not display the effects of resonances,

damping has less effect on the airborne transmission losses.

Adding damping to only plate B produced the results shown in Figure 3.18 for a

separation distance of 0.1 m. The damping in plate B has an effect only at the

frequencies below 100 Hz where a peak and a dip in the airborne transmission loss

curve occurs. Again the damping appears to damp the resonant effect that occurs

between the plates and the air cushion between the plates.
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Chapter 4

CONCLUSIONS

An analytic model for the airborne transmission loss between a vibrating finite

plate and a parallel infinite plate was developed. Comparison of the predicted airborne

transmission losses with predicted transmission losses for resilient mounts revealed that

airborne transmission losses were often less than the losses through the mounts at

frequencies above 100 Hz, implying that the airborne transmission path may be

significant in many well-designed single-stage resilient mounting systems. Below

100 Hz, the transmission losses through the mounts are below the airborne transmission

losses, except at frequencies where resonances between the plates occur.

Increasing the separation distance between the plates, increasing the thickness of

the receiver plate and decreasing the size of the source plate increased the airborne

transmission losses between the plates. Increasing the damping in the plates was most

effective in reducing peaks and dips in the airborne transmission loss curves below

100 Hz.

The basic assumptions used in developing the analytic model are that the

impedances of the plates are much larger than the impedance of the air between the

plates, there is no feedback from the receiver plate to the source plate and that the

pressure generated in the plane, but outside the area, of the source plate has a negligible

effect on the airborne transmission losses. In future research, these assumptions should

be relaxed, particularly the feedback assumption where standing waves between the

plates should decrease the airborne transmission losses. Also, relaxing the small air

impedance assumption would increase the coupling between the air and the plates

increasing the vibratory response of the plates and decreasing the airborne transmission

losses. Experimental verification of the analytic model is needed to certify the conclusion
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presented above. Also, experimental and theoretical analysis of treatments to increase the

airborne noise transmission losses between structures, such as decoupling coating and

damping, is needed.
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Appendix A

CALCUTLATION OF I
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In this appendix, the integral

Im(kxk)= I OSL L jco I(ml~xcs[2~ )ir] -ekxxe-yY dx dy A.
-00 -@0

as given in equation 2.11 is evaluated.

Since COS[( )LxI and COS[ L Ly~~ are even and defined only for

-Lx<, xs L2 and -I/2sy sLy/2,

JY) I Lx cos(kxx)dx jcos cos(kvy)

When [(2m4 ,~xx 2 * k2and [.(2n144)7r]2 * k , equation A.2 becomes

Im~xk) sin [(2ml )*x -kxx] s[ (2m+ 1)2rx + kxx] LxI2

y (2n+1)7c 1 + (2m+1)c I .A.3
2[ - - kxJ 2[ ~ + kx]L~

sn)-sin(2n )7[ y i 2~~y1 y] L

Using si =)-i(a
a1 a



and

[(2m+1)Ir +M4 =(1) LsC

in equation A.3,

im(kx~k) 4(1 Lx L COS YCOS 2 A.4

{ [(2m+1)72]2 - k 2 }{(f+1)7r 2 -k

When [(2jx7 I] =k and L ,y*k equation A.2 becomes

Imn~kx~ky) cu Lx[2m~1~c dx c7 0 5 (2 4 )-~ cos(kyy) dy. A.5
-L. /2 -Y 2

Integration of equation A.5 yields

(2n L)x COS 2

im(kx~k) =X (2f1)] 2- :- = A.6

Smlry whn[(2+)x 1 2  2n~)c

k2~~x2 2  [2~lx 2 k equation A.beosSiilrl whe L L and LY .2ecme
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m(2 m+l)2r kxLx

Iim(kx~ky) [(2n11)3r 2x A.7

Fork [(m)x 2  and '(r+)NrY]2 = kYequation A.2 becme

LX/2 2 r(2m+1)7cx] 
______)NdyIm(kx9 ky) I Cos Lx cost,2[(2ndy A.8

-L t2 -

which, when integrated, yields

mnkk=Lx LY A. 9
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Appendix B

COMPUTER MODEL
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In order to solve the equation of motion of both plate A and plate B and to

compute the transmission loss between the two plates, three separate computer programs

were developed.

Program PRA (Plate Response of plate A) computes the mode shape of plate A.

Program PR (Plate Response) computes the response of plate B. Program PRTL (Plate

Response - Transmission Loss) computes the transmission loss between plate A and

plate B. PRTL is broken down into three parts for three different frequency ranges:

PRTL100 for the frequency range from 10 to 100 Hz, PRTL1000 for the frequency

range from 100 to 1000 Hz and PRTL5K for the frequency range from 1000 to 5000

Hz. The source code for each of these programs is in Appendix C.

The inputs to all of these programs are taken from the same input file format. A

sample input and its corresponding input variables are included in Appendix C. Not all

of these inputs are used in each of the programs. See the corresponding write up below

for which variables are needed for each program.

B.1. Program PRA

This program solves equation 2.9 to obtain the mode shape of plate A. The

inputs to this program are:

Lx and Ly Dimensions of plate A

Xo and Yo The point where the input force is applied to plate A

ROA Density of plate A

ACHA Thickness of plate A

ETAA Damping coefficient for plate A

EA Modulus of Elasticity of plate A



57

The output from this program is a surface plot of the mode shape of plate A. The

plotting program used to obtain these plots is a subroutine called ARL_HIDE and is

available on the ARL Penn State VAX computer.

B.2. Program PR

This program uses equation 2.28 to obtain the vibration response of plate B to

excitation by airborne transmission from plate A. The integral portion of equation 2.28

is solved using a 2-dimensional discrete inverse fast Fourier transform program called

F2T2B in the IMSL subroutine library, also available on the ARL Penn State VAX

computer. In equation 2.28 this is an infinite 2-dimensional integral; however, in order

to solve this integral using the computer the finite integral is approximated by a finite

series using equation 2.38.

The choice of wavenumber range (KX1 and KYl) and the sample rate

determines the size of plate B by the following equations,

2N 2N B.1
x- --KXl y -- .KY

where x and y are the dimensions of plate B.

The wavenumber range must be chosen judiciously with respect to the frequency

of interest because of the relationship of the wavenumber and frequency in equation

2.28. At lower frequencies a lower wavenumber range can be used, therefore a larger

area of plate B can be observed using equation B. I. At higher frequencies a higher

wavenumber range must be used and a smaller area of plate B can be observed using the
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same sampling rate (N). A higher sampling rate will solve this problem however, the

computer time also increases.

The inputs to this program are:

Lx and Ly Dimensions of plate A

Xo and Yo The point where the input force is applied to pate A

ROA Density of plate A

ROB Density of plate B

ACHA Thickness of plate A

ACHB Thickness of plate B

ETAA Damping coefficient for plate A

ETAB Damping coefficient for plate B

EA Modulus of Elasticity of plate A

EB Modulus of Elasticity of plate B

Z Distance between the plates

PRA Prandel number for the fluid

GAMMA Specific heat ratio for the fluid

MU Viscosity of the fluid

NU Poison's ratio

C Speed of sound in the fluid

RO Density of the fluid

KXI Upper wavenumber limit in the x direction

KY1 Upper wavenumber limit in the y direction

The output of this program is a surface plot of the vibration response of plate B.

ARL_HIDE is also used to obtain these plots.
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B.3. Program PRTL

Program PRTL uses the same algorithms used in programs PRA and PR to
obtain the motions of plates A and B. Equation 2.40 is then used to obtain the

transmission loss between the two plates in the shadow zone of plate A.

This program has been broken down into three parts; PRTL100, PRTL1000 and
PRTL5K in order to change the sampling rate and wavenumber range for the frequency

range covered by each PRTL program.

The input to these programs are the same as for program PR.

The output from these programs is a table of transmission losses as a function of

frequency.



60

Appendix C

FORTRAN COMPUTER PROGRAMS
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PROGRAM PRA
C PLATE RESPONSE OF PLATE-A, FINITE PLATE -________

C WRITTN BY MICHAEL F SHAW

INTIEGER OMEGAI, OMEGAB, OEGAT, INC, EM, EN, N, I, J,
- &N1.N2,NI1.-

C NSHOULD BE A PRODUCT OF SMALL PRIMES
PARAMETER (N-128l)- _ ___ - _

COMPLEX DSTAR,OMEGAMNSO,B(NN),!T(N,N),WA(N,N),WA2(N,N),
- £3T2(N,N).-

REAL VMAX,VMIN,VINC,WAREAL(N+1,N+1) ,WDRKI(4000 V6RK2(160
-REAL DA,ETAA, CTAB. LX, LYROA, RO, ACAACIB. WA2REAL N+.Ntl).. -

£KX1,i(YI,FMP,XO,YO,NU,PI ,OMEGA.GAIZA,R0,MU,C,EA,EB,Z,
&OMEGkl1.OEGA2,OMEGAMNO,O'.EGAMN1.OMGAMN2-

INTRINSIC CMPLX
agC ww.- aa**

C VARIABLE LIST
C.-
C DA - BENDING RIGIDITY OF lIfE FINITE PLATE
C_. ETAA rDAMPING COEFICIENT FOR 111E FINITE PLATE - .-

C LX & LY - DIMENSIONS OF TlE FINITL PLATE
C_. ROA DENSITY OF 71LE FINITE PLATE -- __

c ACHA 111IICKNESS OF lThE FINITE PLATE
C ...- RO DENSITY OF FLUID -- _____

C XO Y O - THE POINT ViERE 711E INPUT FORCE F IS APPLIEDi
C_ NU -POISON'S RATIO
C EA -SHEER MODULUS OF THE FINITE PLATE

PARAMETER (F-.1.0)
C_ INPUT! FORCE TO THE FINITE PLATE IS ASSUMED TO BE A UNIT FORCE..Cl)___

OPEN (UNIT-25, FILE--PR.DAT-, STATUS-'OLD')
-OPEN ( UNIT-2 6, EFILE-'PRA. OUT', STATUS-.'NEW')

C READ INPUT DATA FROM4 PR.DAT
-- READ (25,15) LX.LY,XO,YO,ACHA,ACHB --

15 FORMATW4S.3,MF.6)
-. READ (25,25) ROA,ROB,RO.ETA&.ETAB,GAMA- -.

25 FORMAT(2F.2,F.32F8.7,F8.6)
READ (25,35) MUCEA,EB.KXIKYI - -

35 FORMAT(F8.7,F8.3,2E8.3,2F8.2)

- READ (25,45) NU,OMEGAI.QMEGA2,INCZOMEGA. - -- .

4 FVRMAT(F.4,F.,F6.1IB,FS.3,F12.3)
C COMPUTE THEVALUE OF PI ...

PI-2. 0'ASIN(1 .0)
C COMPUT THE BENDING RIGIDITY .. -. . ....

DA-(EA'ACiA"u3. 0)/( 12. 0' (1. -NU*2. 0))
DSTAR-CMPLX( DA ,DA*ETAA)
MP-ROA*ACHAsLX*LY

- WRITEC26,11) LXLY
11 FORMAT( *PARAMETERS OF FI NITE PLATE' / DIMENSIONS OF PLATE' - --

&'(LX) 'FS. 3. (LY) ',FS. 3, METERS')-
WRITEC26,21) XO,YO

21 FORMAT(' DRIVING POINT XO 'F8. 3, YO ',rB.3,'
& METERS')

- WRITE(26,31) F
31 FORMAT(' DRIVING FORCE ',FS.3,' N,)

hRIXTEC26,41)ACIIA
41 FORMATI(' PLATE T1ICKCNESS ',Fa.6,' t'

MtITE(26,51) ROA
51 FORMIAT(' PLATE DENSITY ',FS.3,' kXG/CU-METERS') --

hlTC26,61) CA
61 FORMATC' MODULUS OF ELASTICITY ',EU.3,' N/SQ-METERS')

WRITE(26,71) DA
71 FORMAT( BEND~ING RIGIDITY ',E12.4)..............-

WRITE(26,81) ETAA . .-

e1 FORMAT(' DAMPING COEFFICIENT',F8.4)
C VlIE FREQUENCY RANGE IS TAKEN FROM OMEGAl TO OMEGA2 IN INCREMENTS
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C CORRESPONDING TO INC
C_____
c OMEGAB-109IFIX(ALOG10(OMEGAI))
Cr lt EGATINC!10IFIXALOG10(fEGA2) -
C DO 1000 OMEGAI-OMEGAB,OMEGAT
C _ OfMEGA-2.0!PI? (10. 0!i,(OMEGAI/(INCl0. 0)))-...- _________

Do 100 1-1,N
- - Do 100 J,... ________

ETC I,J)-0.O

100 CONTINUE
,---WRAITEC(26,12) OfIEGA/(2.O'PI) -___

12 FORMAT(/,' FREQUENCY 1,FS.3,' HZ') *_ _ _

C.. _-THE NEXT SECTION OF THE PROGRAK UP TO LINE 58 COMPUTES THE UPPE.._____
C AND LOWER MODES WHIICH THE PLATE RESPONSE IS SUMKM OVER. NI IS
C..-.TUE LOWER Lfl.IT AND N2 IS THE UPPER LlMIT ___ -

C INITIALIZE AND INCREMENT NI

18 NI-NI+1
C.-C1LCULATE RESONANT OMEGA.FOR EN-Nu, EhMNl MODE________

0O4EGAMN(DA/(ROAAiIA).5(2.0N+.)'PI/LX)"12.0
._&((2.0!N+1.0)'PI/LY)!"2.0) -

C IF RESONANT OMEGA IS GREATER THAN OMEGA Go ON TO 28 IF NO)T
C TNCREMEkI-lN AND REPEAT

IF (OMEGAKNO.GT.OMEGA) GOTO 28 --

___loJ.-8 .-. __________

C INITIALIZE AND INCREMENT N2-- - -_________

-28 -L N2____

38 N2-N2+1
C_ CALCULATE THE RESONANT OMEGAS MVR EN-J42, EEL-O.AND EN-0, - 2
C MODES AND TEST IF LARGER THAN OMEGA

OHGAkN1--(DAA.RO&'!ACiA) )!!.5l(( (2.0'kQ*LO)!PI/LX)"-2.n
&+(PI,'LY)-*2.0)

&+( (2.0*N2+1.0)-PI/LY)"-2.0)
C-IE. LAGER THAN OMEGA GO ON 70 48 IF NOT INCREMENT N2 AND REP=~~_____

IF((OMEGAMNI. GT. OMEGA). OR. (OMEGAMN2. GT. OMEGA)) GDO~ 48

48 CONTINUE
C__AM_.THREE. MODES. TO uJPPER LIMIT_ - -________

N2-N2+3
N11L

C SUBTRACT THREE MODES FROM LOWER LIMIT, ZERO IS IDWEST Ni
NI-Nk.3-------
IF(Nll.EQ.0) NI-0

IF(11EO..)NI- . ..--.-- __

IF(N1±.EQ.2) N1-0
_____iITE.(6,58) Nl, N2 --... -

so FORMAT (2r5)
C-THE.PLAE MODES ARE TkEN FROM EM, EN 2_N TO _________

DO 200 EM-N1,N2
S200 EN-Nl.N2
DO 300 1-1.N

-DO300 J-1..N-
BT2(I,J)0'1'(I,J)

300 - .CONTINUE

C OMEGAMNSQ IS WUE RESONANT OMEGA"02.0
__ -MEGAMNSO-DSTAR! ((((2. 01EM-l. 0) *PI/LX)!!2.0+((2. 0'ENtL-0)

&*PI/LY)--2. 0) 22. 0)/( ROA'AC31A)
- DO 400 I-I.N
DO 400 J-1,N

..~ Xt2.0)/2 0) LX!(I1) ) IN~ __

Y-(-LY/2.0)+(LY'(3-i) )/N
_______B(I.J)r (COS( (2. 0'EMt.0) *PI'X *1 X))(CS( (2. EN......

6'PIOYO/LY))(COS((2.0EM+10)sPuX/U))s(COS'(2.O'EN41.0)
£'PI'Y/LY) )/(OfIGAMNSO-OMEGA02 .0)
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BT(iJ)-BT(I..3)+8(IJ)
400.- - CONTINUE- ___

200 CONTINUE
WRmITE C26,301)

301 FORMAT (- PLATE RESPONSE-)
DO 500 I-IN-
DO 500 J-1,N

-WA(I,J)-(4.0'F/hP)*BT(I,J)_

WAREAL(I,J)-WA( 1,3)
.WA2C,)-(4.0'F/MP)'8T2c1,J)

W2REAL(I,J)-WA2(I,J)
C.-WA. IS THE COMPLEX PLATE RESPONSE - - _____

C WAREAL IS THE REAL PART OF 711E PLATE RESPONSE
C WA2 IS THE COMPLEX PLATE RESPONSE OF THLE PREVIOUS MODE
C WA2REAL IS THE REAL PART OF 7fl1E PREVIOUS MODE
So0 CONTINUE

C THE FOLLOWING DO LOOP ADDS C:x THE FINAL POINr 7O MAKE --

C.'TILE MATRIX SYMMfICAL __

DO 550 I-1,N
WAREAL(N+,I)-0.0-- - --

WAREA.L(I,N+l)-0.0
WA2REALN+1.)-O.O
WA2REAL(I,NfIl)-O. 0

_550 CONTINUE
C OUTPUT PLATE RESPONSE

- -- DO 800 I-1..N+1 __-

DO 800 3.'1,N+1
._WRDITE C26,401) I-l.J-1.W2RAL(I.J),-I..J-.WB.AL(I,J3)

401 FORMAT (1 wA2REALC',14,',',I4,') - ',El2.4,' WAREAL(',
-- . &H, ,1,14,.,) - 1,E12. 4) -- ___

C CALCULATE THE MAXIMUM, MINIMUM, AND INCREMENT FOR THE PLoO
-- V1A-MA11AS(REAL(I,)),BSVM1)) __

VMIN--VMAX
VINC-VIIAX/2. 0

800 CONTINUE
C. PIDTTER CREATES A 3-D PLOT OF THE PLATE RESPONSE -

CALL PLOTTER (VMAX ,VMIN,VINC,WAREAL,WORK1 ,WORK2 ,N,
LOMAQEGA.ACHA,ETAA.LX,LY) ----- -_ __

C1000 CONTINUE
END

C
SUBROUTINE PLOITER (XM,hIN,VINC,WAREAL,W'?RX1,WORK2,N.-..-

&OMEGA ,ACHA ,ETAA,LX, LY)
C..PLOTTER USES 711E ARL_.HIDE/TEMPLATE PLOTTING PACKAGE WOCEATE_- -

C 3-D PLOTS OF T11E PLATE RESPONSE
*- REAL TXMIN,TYIhIN,TXMAX,TY1I&X,TXINC,TYINC
&OMEGA.ACHA,ETAA,PI ,LX,LY

-. PI-2.0-ASIN(1.0)
TXMIN--LX/2. 0
TYBIN-LY/2.0
TXMAX-LX/2 .0

-- TL1AX-LY/2.0
TX! NC-LX/8. 0

- TXINC-LY/0.0
faRITE (6,501) TXMIN,TXMAX,TXINC,TYMINTYMAX.

&TYINC ,N
501 FORMAT (3FI2.4,/,3F12.4,14)

CA"I USLPDF
CALL UPSET( 'OlTPIUrFILE',7.0)
CALL uhssaN(/.0, 'vHA.PDf\')
CALL USTARlT

- .CALL UDIMEN( 9.0,6.5)
CALL USET( 'PERCENT')
CALL UFONT(ICROMI)
CALL USET( *LARGE')
CALL UPR 191(6 1. , 83.,FREO-\)
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CALL UPRNrl(Ot4EGA/(2.o'Pr), 'ReAL)
CALL.UPRINTC7L.G3..*!0MEGk-!\')
CALL UPRNT1(CNEGA, 'REAL')

- CAllUPRfr(6l.a3..'H . !.---________

CALL UPPrlT(AOIA, 'REAL6 )
- CALL UPRIffrC77.,73.,'ET&~\).~____ - ________

CALL LJPRgrI fETAA. 'REAL')
-___CATIL ARA_HIMJ - __ . .- _________

CALL UFOl~r(-CROI4')
CALUSET(IL&RGE').- -- __---________

CALL ARL HIDESCALE(N+1,N+1,N+1,4000,N+l,VMINVMAX,
-.- &CUTOFF', CUMoE (5,0.6.1.250.5,0.5,0.a,45.0,45. 0,

&IFDRAW, SDRANI)
- -CALLRLHIDEWAREL,WRK1'W3RK2) - - _______

CALL ARL hIIDEFAxIsC 'VIEW' ,'REAL' ,TXMIN,TXOIAI,TXINC,
&'CF.2)~X ?ETERS',1,50.O,50.O) - _________

C=L ARL HID _SAXIS( 'VIEW' , REAL' ,TYMIN,TYMAX,TYINC,
&'cr8.2)',lr MEERS',1. 50.0,50. 0)

CALL ARLHIDE_VAXIS('VIEW','REAL',VMIN,VMAX,VINC,
- £(E12.4) 1APLIID', 1.50.0, 50.O0)

CALL UEND
REURN _-- - ___
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PROGRAM PR
C- DETERMINES..THE PLATE RESPONSE, OE. PLATE-B. USING IMSL_-
C FrT SUBROUTINE

C WRITTEN BY MICHiAEL F. SHAW

INTEGER OMEGAI, OMEGAS, OMEGAT, INC, EM, EN, N, I, J,
-- NLRCOEFoNCCOEF.LDCOEF,LDA,NLONtUP,NII -. ..... .

PARAMETER (N-128)
CCE5PLEX._DSTAR,OMEGMNSO,cEF(NN),A(NN),Al(N,N),

&AT(N,N) ,KPF,KCC,W(N,N) ,Wl(N, N) ,AT1 (N,N) ,W(N,N),

REAL WFFi(4'N+15),WFF2(4*N+15),CPY(N,N)
REAL VMAX,VMIN,YINCWREAL,(N+I, N+1) ,WORK(4000) ,WORK2 (100)
REAL DA,DB,ETAA,ETAB,LX,LY,ROA,ROB,ACIA,ACHB,KX(N),KY(N),

&KXIKYIKXM,KYN,F,RO,MP,XO,YO,JINoZ,PRAGA.MMA,MU,NUC,E,
&IIKX,HKY,PI,K,P,OMEGA,OMEGAI,OMEGA2,OMEGAMNO,

.- AOMEGAMNI, OMEGAMN2, WIREAL(N+l, N+4), TEMP2, TEMP.L.-------.
INTRINSIC CMPLX

..EXTERNAL F2T2B,FFT I ... ... . ..... .......
C THE NEXT TN LINES ALLOW N TO BE LARGER THAN 64 POINTS

COMMON /WORKSP/ RWKSP_=
REAL RWKSP(8884)

C VARIABLE LIST

C DA - BENDING RIGIDITY OF THE FINITE PLATE
C-.DS_-BENDING RIGIDITY OF THE INFINITE PLATE_ . ...---
C ETAA - DAMPING COEFICIENT FOR THE FINITE PLATE
C_ ETAB.- DAMPING COEFICIENT FOR THE- INFINITE PLATE-___ _ _ _ _
C LX A LY - DIMENSIONS OF THE FINITE PLATE
C__ROA -DENSITY OF THE FINITE PLATE
C ROB - DENSITY OF TH1E INFINITE PLATE
C-ACHA- THICKNESS OF THE FINITE -PLATE.......
C ACHB - THICKNESS OF THE INFINITE PLATE
C-RO - DENSITY OF FLUID . . . ... . .
C XO A YO - THE POINT WHERE THE INPUT FORCE F IS APPLIED
C-Z -.DISTANCE BETWEEN THE PLATES-.................
C PRA - PRAN EL NUMBER FOR FLUID
C-GAI.A..- SPECIFIC HEAT RATIO FOR FLUID .. . .. . . .
C MU - VISCOSITY OF FLUID
C -NU. POISON.S RATIO -... ..... .. .. ...
C C - SPEED OF SOUND IN FLUID
C.EA -.SHEER MODULUS OF .THE FINITE PLATE .. ..... ..
C ES - SHEER MODULUS OF THE INFINITE PLATE
C__ K1 -._UPPER WAVENUMBER LIMIT IN FINITE PLATE IN X DIR .....
C KYI - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN Y DIR

PARAMETER (F-1.0)
C_ INPUT FORCE 70 TE FINITE PLATE IS ASSUMED TO BE A UNIT FORCE (1)

OPEN (UNIT-25, FILE-'PR.DAT', STATUS-'OLD')
-. OPEN (UNIT-26, FILE-'PR.OUT', STATUS-'NEW')

C ANOTHER LINE SO N CAN BE LARGER TIIAN 64
----... CALL.IWKIN(0884)

C READ INPUT DATA FROM PR.DAT
---..READ. (25,15) LX.LY,XO.YO,ACHA,ACt-B
15 FORMAT(4F8.3,2F8.6)

_ READ. (25,25) ROA,ROB,RO,ETAA,ETB,GAMA,PR.. -
25 ORMAT(2rS.2,FS.3,2F8.7,2F8.6)

- READ. (25,35) MU,CEAEB,KXI.KYI .....
35 FORMAT(F9.7,FS.3,2E8.3,2F8.2)

SREAD.425,45) NU,OMEGAl,OMEGA2,INC,ZOMEGA ....... ...
45 FOMAT(F.4,FS.I,Fl6.1,18,7F.3,FI2.3)

C -COPE7 Mr VALUE OF PI - ...

PI-2.0*ASIN(l.O)
C OMPU T E OENDING RIGIDITIES
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-DD-CED*AdIID"03.0)/(12.0OCI.0-NU*"2.0)) -- ___

DSTAR-C PLX(DA,DA' (ETAA))
* - AP-ROA*ACHiA*LX*LY. --- - _____

C THE SAMPLE SPACING IN WAVENUIIDER SPACE IS IIKX AND IIKY
-- HKX-KX1/N.

HKY-KYl/N
C PARAMETERS FOR- FFI'2B INVERSE FOURIER TRANSFORM SU13ROUTI.NE -_

NRCOEF-N
--.-- NCCOEF-N -

LDCOEF-N
WDA-N__
WRITE(26,1i) LX,LY

11 FORMAT(' PARAMETERS OF FINITE PLATE',/,' DIMENSIONS OF PLATE' -

,'(LX) ',F8.3,' (LY) ',FR.3,' METERS')
WRITE(26,21) XO,YO

21 FORMAT(' DRIVING POINT XO ',F8.3,' YO ',FB.3,'
&.METERS'). -

WRITE(26,31) F
3-..-FORMAT(-' DRIVING FORCE ',F8.3,' N') -

WRITE(26,41)ACHA
Al- _ FORMAT(' PLATE THICKNESS ', FS.6,' M').

WRITEC26,51) ROA
5 FO)RMAT( ' PLATE DENSITY '. r8. 3,'- KG/CU-flETRS) -___

WRITE(26,61) EA
61._ FORMIAT( -MODULUS OF ELASTICITY 'ES. 3, N/SQ-METERS)....

WRITE(26,71) DA
2LF._ORAT(! BENDING RIGIDITY ',E12.4)

WRITE(26,Sl) ETAA
8L.- FORMAT(' DAMPING COEFFICIENT' .F8.4)-

WRITE(26,91)
Al FOR&Ti/,PARAMETERS OF INFINITE PLAkTE' .1)

WRITE(26,101) A01D
10.~FORMAT(l. PLATE.THICKNESS ',FB.6,' M-)

WRITE(26,111) ROB
2lU _EORMAT(' PLATE DENSITY ',F8. 3,.' KG/CU-METERS') - ---

wRTE(26,121) ED
-12L--.. FORMAT('..MODULUS OF ELASTICITY .,ES.3,' N/SO-METERS')

WRITE(26,131) DD
131-.FORAT(I BENDING RIGIDITY ',E12.4) . .-

WRITE(26,141) ETAB
141 _ FORMAT(.' DAMPING COEFICIENT',F8.4)

WRITE(26,151) RO
___FO.IRMAT(/,'_ PARAMETERS FOR FLUID' ,,' DENSITY ',F8.3,
&' KG/CU-METER')

6-.. WRITE8.7,'1 MGU1S
11 FORMAT(' VISCOSITY ,S7 K/-'

WRITE(26,181) C
181 FORMAT(' SPEED OF SOUND ',F8.3,' M/S')

- WRITC(26,191) PRA
191 FORMIAT(' PRANE'TL NUMBER ',F8.3)

WRITE(26 ,201) GAMMAA
201 FORMIAT(' SPECIFIC HEAT RATIO ',F8.3)

WRITE(26,211) Z
211 FORMIAT(' DISTANCE PClhP.EN PLATES ',F8.3,1 m')

C_- INITIALIZATION ROUTINES FOR 111fE MT
CALL FFTCI(N,WFFl)
CALL FFI'CI (NHFM)..- -- I-

C WEFREOUENCY RANGE IS TAKEN FROM OlIEGAD I TO 9EGAT ININCREMENTS
C-.CORRESPONDING.-TO INC.-. -.- - -

C
c CHOfEGAB10IFI(ALG10(O1EGA.1)) .-

C OKEGA2INC1IIFIX (ALOGI0 (OEGA2))
C.. -Do 1000 ONEGAI-OPEGADOMMEAT
C OMEA2.0Pl*(10.0*(OMCGA/(INC'J0.0)))

DO 100 I-1,N
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DO 100 J-1,,N

ATIJ)-0.0 . --

K-OKEGA/C
C KC..IS THE COMPLEX WAVENUIMBER--- ___

&) ( .0 --9. )) - -

C KP IS THE PLATE WAVENUNDER
.-- P(ROBACHBOMEGA"*2.O/ou)"*.25 .-- --

C XPF IS THE COMIPLE.X WAVENUMBER*4.0
- - KPF-(ROB'ACHBeO.MEGA.2.0/D)eaMPLXcl.0,ErAB).-- --

WRITE(26.12) OMEGA/(2.0'PI)
12----...FORMAT(/,' FREQUENCY ',FB.3,' HZ') -

WRITE(26,22) KC
22- FORMAT(' COMPLEX WAVENUMIER. ',.F.3,' + .,FB.3,' 1/M-)-

WRITE(26,32) (KPF)"-.25
-32- FORMAT(' COMPLZI-PL&i WAYENUMBER '.E12.4, + j i

C. -MCNEXT SECTION (UNTIL-LINE. 58) COMPUTES 71E UPPER AND LOWER -. .

C MODES WHICH~ 711E EQUATION IS SUMMED OVER. NUP IS THE UPPER LIMIT
C-ANDN.AS.2E LOWER. LIMIT.___ .---

C INITIALIZE AND INCRENENT NWO

C-CALLATERESONANrr OMECA. FOR THE. EN-NWO, EK-NL MODE___
OMEGANO- (DA/(ROAAOA*)-. 5( (2.0eNO+.) PI /LX)..2. 0

C IF THIS RESONANT OMEGA IS LARGER THAN OMEGA GO ON 70 28 IF NO~T
C-INCRE21r NID AND REPEAT.- -____-__ _____- ____

IF (OMEGAMNN.GT.OMEGA) GOTO 28

CINITIALIZE AND INCRDWI NUP

38 NUP-NUP~i-____l__
C--. CALCULATE THE RESONANT OMEGAS FOR EN-NUP, E1"O AND EN-0, Ell-NUL... ____

C MODES AND TEST IF LARGER THAN OMEGA
-. OGAHN1(DA/(ROAAA)).5(((2.O.NUP+1.0).pI/zX).*2.0.--__&+(PI/LY)--2.O)

-. OMEGM-(D/ROAAA)).5'CPI/LX)*"2.O

CAF-AGER.THAN OMEGAGO ON 70 48, IF NOT INCREMENT NUP AND REPEAT.--- ...
IF( (OMEGANNI. GT.OI=EA) .OR. (OMEGAMN2 .GCT. OMEGA)) GOTo 48

48 CONTINUE
C- A. oTHREE MODES ON 0UPPER LIMIT~

NUP-NUP+3

C SU13TRACT THREE MODES FROM LOWER LIMIT, ZERO IS THE LOWEST

IF(NII.EQ.0) NWA-0
---. IF(Hi1.cO.1) NWO-a

IF(Nll.EO.2) NWD-O
WRITE (6,58) NWO,NUP

58 FORMAT (215)
C .TME.PL&TE MODES ARE TAKEN FROWM AMD EN - NWO TO NUP -

CO 200 DI-tJIO,NUP
~~ 200 EN-NUO. NU....

DO 300 I..1.N
- -- DoJ300 J-1.N -~~__

C ATI is THE PREVIOUS MOESUM

300 coNfINUC
C . OMGAMMS IS MMI RESONANT OMEGA*2

£'PIfLY)**2. 0)092.0)/(ROA-AOIA)
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- IYNi( c2.0*EN+1.0'*rI/LY)
C COEFXCIENT CALCULATES 71hE INI'rUT ARRAY (COEF) TO 'T1lE FVT

- CALL COEFICIENT CNIIKX,IIKY.KX,KYI,PI,KXxn.KYN,
&KC ,KPF,ZKX. KY.LX ,LY ,E , CN, COEF)

C - F2T2B IS AN IMSL SUBROUTINE 1hllICH CALCULATES MIfE 2-D FF1' OF - -

C A SET OF FOURIER COEFFICIENTS.
C COEF(I,J) IS MIE INPUT ARRAY
C A(IJ) IS THE OUTPUT ARRAY

* .- CALL F2T2B (NRCOEF, NCCOEF *A, LDA. COEF, LDCOEF, WFFI ,1'FF2,

&WC,CPY)
____._-DO 400 I1.N

Do 400 J-1,N
AI(I,J)-( /(2 0'PI) *2. 0) 'IIKX'IfKY'( (-1) 'I)'( (-1)*"3)

&-A(I,J)-(COS( (2.0'EN+1.0)'PP-XO/LX)-
- COS((2.0'EN+1.0)'PI'Y0/LY)/(OM.EGAMNSQ-ONMEGA**2.0))

AT(i.J)-AT(I,J)+AI(I,.7)
400 CONTINUE
200 CONTINUE

___ -WRITE (26,301)-
301 FORMAT (' PLATE RESPONSE-)

____ ~DO 500 I!!1.N
DO 500 J-l,N8

W'REAL(IoJ)-W(I,J)8
WIREAL( I,J )-WI(CI, 3)

C-WREAL(I,3) IS THE REAL PART OF IIIE PLATE RESPONSE
C W(iJ) IS THE COMPLEX PLATE RESPONSE

C.WIIJ) ~AS THECOMPLEX PLATE RESPONSE OF tHiE PREVIOUS 14ODE --

500 CONTINUE
cTHEFoLowWINGT l..DO-LOOPS CONVERT THE OUTPUT PLATE RESPONSE
C IN THE X-Y PLANE SO TIIAT THE RESPONSE SHOWS THE CENTER OF THE
C__PLATE.IN.THLCENTEROF THE ARRAY
C

C._-1 2 1 2 ._ _

C 3 4134
C______;_ X -.
C 1 2 1 2

C__ -- 3-.43 4
C Y

D O 600 I-liN
DO 610O J-1,N/2
TEIIPI-REAL(I,J) ---
TEMP2-WIREAL( 1,J)
WREAL(I,J)-WREAL(Z .N/2f3)
WIREAL(I,J)-WIREAL(1 .N/2+J)

- WREALC, N2+J) TE!MPI
WIREAL(I,N/24J)-TEMP2

600. CONTINUE
Do 700 3-iN
Do 700 I-L1.N/
TEmlrl-hi'EAL( I ,)
TEMP2ZWIREAL( I,J)
WREAL(I,J)-WREAL(N/21 1,J)

WREAL(N/2+I ,J)-TEMPI
___WLiEhL(N/2+I.J)-TEP2 -

700 CONTINUE
C-711E FOLLOWING DO LOOP ADDS ON 'TIM FINAL POINT 10 MiAKE -- ___

C THE MATRIX SYIIETRICAL
-DO 550 I-1,N~1

WREAL(I,N+1)"WREAL(X,1)
W~REAL(N1I)-WREALC,l)

C OTPvu ri.ATK RtESTON5Er
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DO 800 J-l,N.
C WRITE (26,401) 1-lVJ-1,WIREAL(l,J),I-1,J-1,WREAL(I,j)

C &14,',',14,') - ',E12.4)
C.CALLATE-THE MIAXIMIUM, MINIMUM. AND INCRErKE FOTE .P.WT __

VMAX-.AMAX1(ABS(WREAL(I,3) ) ABS(VKAX))

VINC-VMAX/2. 0
BO0. . -CNTINUE- -- __

C PLOFI ER CREATES A 3-D GRAPH OF THE PLATE RESPONSE
____CALLPLrTR (VMAX,VMIN,VINC,WREALW3RKIWVRU,N,KXX,Yil,

&Z,OMEGAtAIIB, ETAB,IP, K)
C. 100 aoRrxMJE --

END

SUDiiiROUINE COEFICIENT (N,IIKX,fKY,KXI,KY1,PrI,KL1,KYN,
&K.KC.KPF.Z,KX,KY,IX,L,E1.ENCOI

C COEFICIENfl CALCULATES THE FOURIER COEFICIENTS FOR USE IN THE
C_ T2B.SBROUTINE. . -

REAL KXfN),KY(N),IMN,HKX,HKYPI,KX1,(Y1,
AKXII oKYN, ZLX LY, K. --- ---

INITEGER EI,EN,N
COM-G~PLEX T~tP, KC , PE ,COEF (N, N)---
DO 10 I-1,N

-DO.I0-J-1.N ---- -

C H FT USES TH1E INTERVAL FROM -KX1f.2 0 70 KX1/2.0

KY(J)-( (J-1)*HKY)-(KXI/2.0)
C. _1HEIOLO)WING IF STATEMENTS DETERMINE THE VALUE FORIN- -.---. ~ -

IF ((KXM*"2.0 .E0. KX(I)*02.0).AND.

a1NN-LX*LY/4 .0
..IE. ( mm* e2. 0 .CO. . K(1)"* 2.O). AND.-___
M(KYN2.0 .NE. KY(J)"*2.0))
£M-LX-r -COS (KY CJ) LY/2. 0) * -l.0) - EN/ ~-

&(KYN0*2.O-KYcJ)"2.0)
- ILL CXKD2.0 .NE..KX(I)'*2.0).AND.------------

&(KYN-2.0 CoQ. KYCJ)"*2.0))

6(KXI"2.0-KX(I)--2.O)

M *YN2.0 .NE. KY(J)9*2.0))
£IflN-4.0IUO'KYN'COSCKXI)'LX/2.0)* .

&COS(KY(J) 'LYf . 0) (-1. 0) M(-1. 0)--

&KY(J)*-2.0))
C THE FOLLOW ING IF-STATENt TESTS IF THE EXPRESSION IS --

C NEGATIVE FOR USE IN THE COMPLEX EXPRESSION FOR COEFI,J)
- - IF. (K**2.0-KX(I)-2.O-KY(J)**2.O) 55. 65, 65

55 TEMP-CMPLX( ((ADS( X-2. 0-KX (1) *2.0-

GoTo 7 5
65 TEIP-CMPLXc0.0,C(K"*2.0-KXCI)"02.0-

&KY(J)*'2.O)-O. 5)*Z)
75- - CONrINU - -

C CALCULATE COEF
-- - COEF(IJ)-CEXP(TM)IN/.

&((KC"12.0-KX(1)0"2.0-KY(J)"i2.0)0".5'-....
..A(I KI(1) ? 2. .KY (J)"2. 0) 92. -KPF))
10 CONTINUE

- RETURNL.

SUbROUTTW. PKIfyTER (V?AX,VMIN,VINCWRPALWORKI,Wt)RK2,N,
&KX1, .KTI,Z,O=1EGA. ACID, ETAD, Kr, K)
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C PLOTTER USES 711E ARL tirDc/Tc.IrLATE PLOrNG PACKAGE M0 CREATE
C-3.-D PLOTS OF THE. PLATE RESPONSE, .____

REAL KXYXrYIXAy~,XNyN
&OM1EGA,AQIBD,ETAB.KP.LZ,PI -

P1-2. 0*ASIN( 1.0)
... _T~lN-N*PI/KXl

TYIN-N-PI/KYI
-T X-N'PI/CX1.-.
TYMA-NPI/XY1

-- -- TXINC-NPI/( 4. 0'KX1)___
TYINC-N*Pl/(4 . 0KYl)

.WAFRTE. C6,501).X1,TO1IN.TXUMAX,TXINC,KY1,TY IN,T)hAZ,
i&TYINC,N

501 FORM1AT W412.4,/.4F12.4.14)
CALL USLPDF
CALL upscT( -ouTPUTI'ILE',7.O)
CALL UASSGN(7.0, 'PR.PD'\')

.CALL USTART. -
CALL UDIMEN( 9.0,6.5)

- CALL USET( *PERCENT')
CALL UFONT('CROM')
CALL USETL'LARGE')
CALL UPRINT(61.,93.,lKX1-\)

~CALL LPRNTCXI,'REAL')
CALL UPRINT(77.,93.,lKY- '

.~CALL UPRNT CKYID'-REAL'-)
CALL UPRINT(61.,89.,'Z-

_CA~l.UPRNTI(Z,'REAL').
CALL UPRINT(77.,88.,'H
CAMIL:UPRNT1( CHOB, REAL'
CALL UPRINT(61. .83. ,'FREQ-\').
CALL. UPR!IC(OMfEGA/C2. 0*PI), 'REM)~.
CALL UPRINTC77.,83.,'OMEGA-\')
CALL. UPRNTl (OMEGA, 'REAL') . .-

CALL UPRINT(61.,78.,'K -
- -. CALL UPRNCK.'REAL')._

CALL UPRINTC77.,78.,'KP -
~CALL- PRNT KP, 'REAL') --

CAlL7 UPRINT(77.,73.,'ETA- \')
CALL UPRNTI(ET~AB,*REAL*)
CALL ARL HIDE FONT

. .CALL U~tNrc.(nffM')
CALL USETC LARGE')

-- CALL -AR.4HIDE SCALE (N+lIN+l, N+, 4000, N1, VMIN,VIAX,.--
£'CI7XVFF' ,CU7IVFF ,0. 5,0.6,1.25.0. 5,0.5,0.0,45.0,45.0,

-- £FDRAW',lSDRAWl)..
CALL ARL HDIDE (WREAL, W)RK1 , WRK2)

-- CALL. ARL -HID)E FAXIS ( ' VI EW' , 'REAL', TXIN, TAX, TXINC.
&'(F8.2)','! Mi TER S',1,50.0,50.0)

_CALL ARL HIDE SAX IS ('VIEW*. 'REAL', TY1IN TX. TYINC,
&'(F8.2)'.'Y MIETERS', 1,S0. 0,50. 0)

CALL.ARL -HIDE VAXIS( 'VIEW'. 'RCAL' ,VMIN,VMAX,VINC,
'(El2.4)', 'AZ'PITUDE' .1,50.0,50.0)
CALL UEND
R MTURN
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PROGRAM PRTL5K
C_ DETERMINES TE TRANSMISSION LOSS BETEEN PLATE-A AND PLATE-B
C USING RMS VIBRATION LEVELS OF EACH PLATE

C WRITTEN BY MICHAEL F. SHAW
C

INTEGER OMEGAI, OMEGAB, OMEGAT, INC, EM, EN, I, J,
_ _&NRCOEFNCCOEF, LDCOEFLDANNLO, NUP, N11

PARAMETER (N-128)
COMPLEX DSTAR,OMEGAMNSQCOEF(N,N),A(N,N),B(N,N).

&BT(N,N) ,KPF,KC,WA(NN),WB(N,N) ,AT(N,N) ,B(N,N),
& C(N,N)

REAL WFF1(4-N+15),WFF2(4'N+15),CPY(N.N)
REAL WBREAL(N,N),WAREAL(N,N),WORK1(4000),WORK2(100), 

&AMPA. AMPB, TAU, TL(200) ,COUNT, OMEGAI ,OMEGA2, X1 (200) ,OMEGART
REAL DA.DB.ETAA.ETABLX,LROAROACIIA.ACHB.KX(N),KY(N),

&KX1, KYl, IXM, KYN, F, RO,MP, XO, YO, IMN, Z, PRA,GAMMA,MU,NU,C,E,
&I=X. HKY. PI, K, KP, OMEGA, OMEGAhNO, OMEGAMNI, O CEGAMN2 . . ..

INTRINSIC CMPLX
EXTERNAL F2T2B,FFTCI

C-THE NEXT TWO LINES ALLOW N TO BE LARGER TH1AN 64 POINTS
COMMON /WORKSP/ RWKSP
REAL RWfSP(8884)

C .-- *nm *sao** s*
C VARIABLE LIST
C-_ D
C DA -BENDING RIGIDITY OF THE FINITE PLATE
C. DE -BENDING RIGIDITY OF THE INFINITE PLATE. .......
C ETAA - DAMPING COEFICIENT FOR THE FINITE PLATE.
C ....ETAB "- DAMIPING COEFICIENT FOR TfiLE INFINITE PLATE ..................

C LX & LY - DIMENSIONS OF TlE FINITE PLATE
C_ ROA - DENSITY OF TIlE FINITE PLATE .
C ROB - DENSITY OF TIlE INFINITE PLATE
C_ ACHA - THICKNESS OF TIlE FINITE PLATE . .

C ACHB - THICKNESS OF TIlE INFINITE PLATE
C_. RO - DENSITY OF FLUID ......... .. .
C XO & YO - THE POINT WHqERE THE INPUT FORCE F IS APPLIED
C Z - DISTANCE BETWEEN THE PLATES .. ....
C PRA - PRANDEL NUMBER FOR FLUID
C . GAMMA - SPECIFIC HEAT RATIO FOR FLUID . ... ..... .
C MU - VISCOSITY OF FLUID
C_. NU - POISON'S RATIO
C C - SPEED OF SOUND IN FLUID
C_ Ek - SHEER MODULUS Of TIE FINITE PLATE ..

C EB - SHEER MODULUS OF THE INFINITE PLATE
C._ KXI - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN X DIR ....
C KYl - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN Y DIR
c__. 1 U0*1!vve we **!so avows*?* new*** a w:sa:w we a a a o a a o........

PARAMETER (F-I.0)
C INPUT FORCE TO TIE FINITE PLATE IS ASSUMED TO BE & UNIT FORCE (1) ...

OPEN (UNIT-25, FILE-'PRSK.DAT', STATUS-'OLD')
OPEN (UNIT-26, FILE-'PRTLSK.OUTl, STATUS-'NEW') ...

C ANOTHER LINE SO N CAN BE LARGER THAN 64
- CALL IWKIN(8884)

C READ INPUT DATA FROM PR.DAT
READ (25.15) LX.LYXO,YO,ACIIA.ACII r

15 FORMAT(4FS.3,2F8.6)
READ (25.25) ROABOB,RO,ETAA,ETAIJ,GAMA,PIA

25 FORMAT(2F8.2,F8.3,2F8.7,2F8.6)
READ (25.35) MUC,EA,EDKX1.KXI

35 FORMAT(FS.7,FB.3,2E8.3,2F0.2)
READ (25,45) NUOMEGA,OMEGA2. INC. Z.OMEGA ..

45 FORMAT(F8.4,FB.1,FI6.1,18.FS.3,FI2.3)
C COMPUTE THE VALUE OF PI

PI-2.0*ASIN(I.0)
C COMPUTE THlE BENDING RIGIDITIES
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DA-(EA'AaiA-'3. 0)/C 12 .0' i. 0-Nu*2. 0) )
DB-(EB'AOItBe3.0)/(12.0'(l.0-NU!!2.0)). _________

DSTAR-CMPLX (DA .DA*ETAA)
MP-?ROAIACdHA*LILX .- -- _____

WRITE(26,ll) XLY
fl. FORMAT( PARAMETERS OF FINITE PLATE',/,! DIMENSIONS OX2LT

£'(LX) ',F8.3,' (LY) ',F8.3,' METERS-)
----- RITE(26,21) XD.YO-- ________

21 FORMAT(' DRIVING POINT XO 1,FS.3,' YO ',F8.3,-
METERSI)

- WRITE(26,31) F -. ___

-31 _ORAT( '.DRIVING FORCE -'F. 3 .N).. _____

WRITE(26,41)ACHA
41-FORMAT( ' PLATE THICKNESS ', FB. 6. IV . -- _

WRITE(26,51) ROA
51 FORMiAT(' PLATE DENSITY .,F8.3,.rAKG/CU-1METERSl) -

WRITE(26,61) EA
* 61 - FORMATC--ODULUS.. OF ELASTICITY---'ES. 3,' N/SQ-METERS! ).

WRITE(26,71) DA
-21 -ORMAT ( t BENDING RIGIDITY !E12.. . -________

WRITE(26.81) ETAA
8L..FoMATc:' DAMPING CfEFICIENT!,F8.4)_

WRITE (26,91)
.91 ZRMAT,(/, PARAMETERS OF INFINITE PLATE '.,/)-

WRITE(26, 101) ACHB
AOL OjRMAT( LPLTE 1CNS. F.6.LI).- -- _______

WRITE(26,111) ROB
J11ilDQkmA( '.PLATE DENSITYJ',EF8. 3 .1. XG/CU-ETERS)

WRITE(26,121) EB
-121DRMAT( _flO0DULUS. DE. ELASTICITXLA..ES 3,2. N/SQ-IIETERS!.3

WRITE(26,131) DB
-13 E'RKRTC!-.BENING.IIGIDIT.-'.El24)-

WRITE(26,141) ETAB
-.. 4I-FOMAT( LDAMPING COEFICIE=f" FS .4).. .

WRITE(26,151) RO
A51ORAT(/.PARAMETERS FOR FLUID!,, -. DENSITY ',F8.3,

LI G/CU-METER')
16 IRITEC26.,161) MU..-..~.
11 FORMAT(' VISCOSITY ',FB.7,' KG/M-SI)

-- .WRITE26, 181) C ___-.. .. ____-

181 FORMAT(' SPEED OF SOUND ',FB.3,' M/S-)
.. WRITE 26,191) PRI . ---

191 FORMAT(' PRANDTL NUMBER ',F.3).
-_ -WRI(26.201) GAMMA_.~-
201 FORMAT(' SPECIFIC HEAT RATIO ',F8.3)

WRITE(26,211) Z-
211 FORMAT(' DISTANJCE BET WEEN PLATES ',FB.3,' M-)

C THE FREDUENCY RANGE IS TAKEN FROM 1258 TO 5000 Ht
_ _.D 1000DOMEG31 3 1D1.. -________

C.-.]1 AND XXI ARE
C THE LIMITS OF THE FET. THE FEr IS TAKEN FROM -KX1/2. 0 TO
C. -.XXI/2. 0 AND FROM f-KY1/2. 0 TO KYI/2. 0-

1(11-402.2
C K* El_4 02.2. . -- -

C ME SAMPLE SPACING IS HKX AND HKY

HXY-KYI/N
C_. PARAMETERS FOILFFX22 INVERSE FOURIER TRANSFORM SUSROL7TZNE -__

NRCOEF-N
___NCCOEEIL -____

LDcOEF-N

C INITIALIZATION ROUTIINES FOR THE FET
CALL FFM'C(N,WFFX)
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CALL FFYCI(NWFF2)
C.. X-IS MIE WAVENUM~IEI iN 711E FLUID - -*-*-- ___

X-OMEGA/C
C .jC.IS MECOMPLEX WAVENUMflER,

&)/(2.0ORO-C-2.0)))
c KP IS TlfE PLATE WAVENUMBER

Kp-(RoB'ACIWOtEGA2.0/D)" .25 - -

C KPF IS T11E COMPLEX PLATE WAVENIJMIER-4.O
- KPF-(ROBAC1aOtGA**2. 0/1)) CmPLX(I..0,ETAS)-

DO 100 I-l,N
-~DO 100 J-1,N

BT(I,3)-0.0
-AT(I,J)-0.0

100 CONTINUE
C GMEGAMNSUB CALCULATES MLE UPPER AND) LwvEH LODES NUP, NL .

CALL OMEGAMNSUB(NLO, NUP, OMEGA, ROA, ACIADA, LX, LY)
C.- IHE PLATE MODES ARE TAKEN FROM EM AND~ EN - NL4 TO NUP -.

Do 200 EM-NLO,NUP
C ~ Do 200 EN-NWO,NUP

COMEGANKSQ IS TliE RESONANT OMEGA*2
-. OMEGAMNSQ-DSTARs(CCC2.0*EM+1.0)-pi/LX)"*2.0+(C 2 .0O'EN+l.O). - -

&'PI/LY)*2 .0)w"2. 0)/(ROA'ACIIA)
KXM1((2.0*EM+1.0)*PI/LX).............
KYN-( (2.0*ENI 1.0) 'PI/LY)

C. COEF.ICIENT CAIXULAI1ES iE INPUT ARRAY TO TIlE FFIT (COEF)-- . -

CALL COEFICIENT (N,HKX,IIKY,KXI,KY1,PIKXMKYN,
£K.KC,KPF,Z,KXKY,LXLY,EM,ENCOEF)-- -a -* - --

C FFTs2B IS AN I1ISL SUBROUTINE I4IICH CALCULATES THE 2-D FFT OF
C... A SET OF FOURIER COEFFICIENTS .- -

C COEF(I,J) IS WUE INPUT ARRAY
cLA(I,3) IS THEOUTPUT ARRkY...............

CALL F2T2B (NRCOEF, NCCEF ,A, WA, COEF. LDCOEF, WFF1 ,WFF2,
&...£C.CPY) -

DO 40I..1,N
DO 400.J-1,N ----

BC I,J)-A( 1.3)
--- - B(I,J)-(1.0/(2.O'PI)W'2.0)'IIKX'IKY'U(-)I)((-I)!!J)------

& P I * O/LY) /(OIEGAMNS-OKEGA 2. 0))
BT(I.J)-BTCIJ)+BI(i,J)

400 -CONTINUE

200 CONTINUE
-- DO 5 0Il Na

DO 500 -NV 8
- WBCIJ)C(-'I.0)'F'RO'OMEGA"2.0klT(IJ))/CMP'DB) .

WBREAL(I .3) -W(I,J)
C WDREAL(IDJ) IS MiE REAL PART OF TUE PLATE-B RESPONSE
C WB(I,J) IS MIE COMPLEX PLATE-B RESPONSE

500 CONTINUE
C THE FOLLOWING '1WO DO-LOOPS CONVERT TIE OUTPUT PLATE RESPONSE
C .IN THE X-Y PLANE SO THAT T11E RCSPO,'SL~ SlluWJS THLE CENTER OF TILE
C PLATE IN THE CENTER OF THE ARRAY

C 12 1 2
C 3413 4
C X
C .1 2 12
C 3413 4

Do 600 1-1,N
DO 600 J-1.N/2
TEMP-WDREAL(I .3)

-WBREALIJ)-WREAL(,N/2+J)

W0REAL( I N/24J)-TEZIP
600 CONTINUE
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DO 700 3.i,N

TEMP-WBREAL( I,J)
WBREAL( I J)!.IBREAL(N/2*I ,J)
WBREAL( N/2+I ,J )'TEKP

AMPB-0.0
COUNT__0.0 ___- --

C CALCULATE THiE AMP;LITUDF OF IBRATION IN TliE PORTION OF ViE PLATE
" &AMWED -BY THiE UPPER PLATE- - .. - - -

DO 800 I-(N/2)-(KXI'LX/(4.0'PI)),(N/2)+(CX1'LX/(4.0'PI))
mB00 .2!CN/2) -(KX.1LY/ (4. 0!21)) (N/2 +t(KXI!LY/ (4. 0 !PI) I

AKPB-AMPB+WBREAL( I,J) "2 .0

800 CONTINUE
"CAPB IS..THE StillOE 2HE SQUARES Or MZ E-LATE-RESPONSE OF THE._______
C OF PLATE B SHADOWED BY PLATE A
r AM2TB IS AMPB DIVIDED BY -THE.NUMBER OF POINTS____-________

AMPTB-AKPB/COUN~r
r CACL.ATEA =E IBRATION RESPONSE OF.PL A -E___ _______

Do 250 EM-NWo,Nup
-M-DO250 ENNfl 4 M1P___ _ - __ - ._ _________
OMEGAMNSO-DSTAR-( (C(2.0'EM+1.0)'PI/LX)"*2.0+((2.0EN+1.0)

DO 450 I-1,N

X-(-LX/2.0)+(Lxt(I-1))/N - - ___. _____

A(I,J)-(COS((2.0EM+1.0)'PIXOLX))'(COS((2.0'EN+1.0)
h'!XO*Y/LY))(CcOS(c2.0'EM+1.0)'PI'X/4X))!(CDS((2.0-ENt1.0)
£'PI*Y/LY) )/(OIIEGAaNS-O*EGA*2 .0)

"'LI,J)TAT(I,J)*A(I,J)...___ . -- _________

450 CNTINTE

AMPA-0 .0

DO 550 1-1,N
m 550+iJ-j,H _______________

WA(I,J)-(4 .0*P'MP)'AT(I,J)
WAREAL(I,J)mW(I,J) -. - __ _________

C WAREAL IS THE REAL PART OF THE PLATE RESPONSE OF PLATE A
r..J .15.IHE COMPlEX ELATE RESPONSE OF PAE-A - _______

AMPA-AMPA+WAREAL( I,J)1"2.0
COWUbM!NTtl._0 ___ ~ ___ . _____

550 CONTINUE
_AAAMPA/COUNT__ _ -- -__ .-- ______

C AIMPA IS THE SUM OF WHE SQUARES OF THE PLATE RESPONSE OVER PLATE A
C-AMM-IS. AMP&.DIVIDED BY THE NUMBER OF- POINTS________

WRITE (26,321) ANPTA,AmM
C-DlTfl'1f AMPA-AND.AMPT -___- ___ __

321 FORMAT (25X,* AMPTA- ',El2.6,' AMPTD- ,E12.6)
CTHE FOLLOWING -IF. STATEMENT TESTS IF AMPTB IS TOO SMALL

IF(AIPT.LE.(10.0*"(-90.0fl)GO 'Xv 650
_T&U AM MB/AMPTA __ ---- ___. ____

C CALCULATE TRANSMISSION LOSS
-TL(CEG&I)-10.0cALOG10(10/TAU)) - --- __

Xl(OMEGAI )FLOAT(OIEGAI)
C_. OUTPUT.TRANSMISSION LOSS -_ _ . ____-

WRITE(26.311)OMEGA/(2.0'PI) ,TL(OMEGAI)
-311 .. vMEMT(F12.2,10X,p6.2)--

GOTO 1000
650.....ThOMEGAI)T101.0 ___

WRITE(26,311)OMEGA/(2.0'PI) ,TL(OHEGAI)
100- C-2aINUE....- -. __ ____

WRITE(26,411)
411 FORMAT(//)
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END ______

SUBROUTINE ZCOEfiiEN (N,HKiX,HKY,KX1,KYI,PI,KXM,KYN,
£K.KC.KPFZ,XX.KYIJ,LYEM.,EN,COEF) -_____________

C COEFICIENT CALCULATES TllE FOURIER coEFICIENTS FOR USE IN WliE
C....ET2B SUBROUTINE ______

REAL KX(N),KY(N),IMN,HKX,HKY,PI,KXI,KYl,
- KXM.l(YN.Z.LX,LY,K......................___

INTEGER EM,EN,N
COMPLEX TEMPKC,l(PFCOEF(NN)
DO 10 1-.1,N
DO 10 J1!,N

C TliE FF USES THE INTERVAL FROM -KXlfl.0 TO KX1/2.O
C_.AND -KYI/2.0 TO KY1/2.O -

KX( I)-( (I-1)'IIlKX)-(KX1/2. 0)
- .KY(J)-((J-1)'IfKY)-(KYl/2.O). . .

C TliE FOLLOWING IF STATEMENTS DLTERMINE IMN
IF ((KXM!02.0 .EO. KX(I)!*2.O).AND . - ----

&(KYNw*2.0 .EO. KY(J)",2.0))
LIINLX!LY/4. 0

IF ((KXM-12.0 .EO. KX(I)022.0).AND).
L(KYN"*2.0 NMe. KY(J)"e2.0))
LIMtJ-LX-KYN'COSKYC)LY/2.)'C--i O)"EN/

&KYN' '2.0-KY(J)*"2.0)
IF ((KXZI"2.0 .NE. KX(I)--2.0).AND.

_..&(KYN"m2.0 *EO. YY(J)!22.0)) ___-

&IMN-LY-KXM'COS(KX(I)*LX/2.0)'(-I.O)"-EM/
£CXI2. 0-KX(I1) 1 -2. 0) -____

IF ((KX'2.0 .NE. KX(I)"*2.0).ANfl.
..&(KYN**2.0 .NE. KY(J)!-2.0)) -- ~ ~ . .

£XMN-4 .0'IOXl'IYNCOS(KX(I)*LX/2.0)a

- & KY(J)F!2.0))-
C THiE FOLLO0WING IF-STATEMIENT TESTS IF THE EXPRESSION IS
C...NEGATIVE FOR USE IN THE COMPLEX EXXPRESSION FOR COEF(I.J)

IF (K"w2.0-KX(I)"*2.0-KY(J)
&l!2.0)_55..65. 65 .. - -. .

55 TEMP-CMPLX(((ABS(K-"2.0-KX(I)--2.O-

GUMo 7 5
65.- TEMP-CHPX(.0,((K"!2.o-KX(r)'! 2.O- -.-..- -..-

&KY(J)-*2.0)-0. 5)-Z)
-.75. CONTINUE-
C CAICULATE COEF

. COEF(I,J)-CEXP(TEP)*IlNj - -- - .

-.. &((KXI)"*2.0+KY(J)!'2.0)"2.0-KPF))
10 CONTINUE

RETURN
END

SUBROUTINE OfIEGAENSB (NLO, NUP, OMEGA. ROA, ACiA, DALX, LY)
C_.. OEGAMNSUB COMPUTES 711E UPPER AND LOWER MODES VVICH THE PLATE
C RESPONSE IS SUWME OVER. NWD IS TU1E 1,OWIR LIMIT AND NUP IS THE
C_- UPPER LIMIT.

INTEGER NWO,NUP,Nii
-- REAL OMEGA, ROA, ACHADA,L. .LY ,OMEGAMN0 .OMGAMNI .OMEGAftN2 PI

PI-2.0*ASIN~1 .0)
C-INITIALIZE AJHD INCREMENT NUB --

NLO--i
- s -NLO-ta.1_

C CALCULATE RESONANT OMEGA FOR lfE EN-NIO, EM-NLoO M - -.

OMEGAMN-(DA/(ROA'AOIA))"1.5'c((2.O'NLO*1.a)'PI/LX)",2.a
4+( (2.0'NLt4 .0)*PI/LY)-02.0)

C IF THIS RESONANT OMEGA IS LARGER THIAN OMEGA GO ON TO 258
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C IF N~OT INCREMENT NWD AND REPEAT

GOTO 158
C-INITIALIZE ANDNCEMEI1L NU2 _ _ __ _-M__ _ _ _

258 NUP-1

C CALCULATE THE RESONANT OM4EGAS FOR EN-NUP, 124-0 AMD EN-O, DI-NUP
C -MDES.AM -TEST IF LARGER niAN OMEG&.--

OIIEGAJNI-(DA/(ROA'AOIA) )" .5'm( C(2.0*NUP+1.0)'PI/LX)"92.0

Ot4EGAMN2-(DA/(ROA'ACHA))"*.5'( (PI/LX)"02.0

C IF LARGER THAN OMEGA GO ON TO 458 IF NOT INCREMIENT NUP ,REPEAT
- IF (OEGAha. GT.OMEGA). OR. (QMEGA1MN2. CT. OMEGA)) GOTO45

GOrO 358
A58 __NTINUE____- __ ___ --

C ADD ThiREE MODES TO UPPER LIMIT

Nll-NWD
CSUMhACT ThREE -MODES.. FROM THE _.WWER. LIMIT. ZER -IS fLE ID'jWE1 mn~

NID-NW- 3
TF(llEl.0) - - ______ ____ _____

IF(Nl1.EQ.1) NID-0
IE1 NII.EQ.2)..NIAO-0__________
WRITE (6,558) NWD,NUP

RETURN
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PROGRAM PRTL1000
C._ DET'ERMINES 71LE TRANSMISSION LOSS BS. EN PLEE-A AU411 PLATE':--

C USING RKS "vIBRATION ,LVELS OF LACk PLATE

C WRITTN BY MICHAEL F.. SHAW

INTEGER OtEGAI, OMEGAB, OMEGAT, INC, EM, EN, I, J,
_ NRCOEFNCCOEF.LDCOEFLDA,N,NO,NUP,NI.

PARAMETER IN-128)
COMPLEX. DSTARO.EGAMNS.COEF(NN) A(N.N),(NN)..........

&BT(N,N),KPF,KC,WA(N,N) ,WB(N,N),AT(N,N),B(N,N),
&WC(NN)

REAL WFF1(4N+15),WFF2(4-N+15),CPY(NN)
- REAL WBREAL(N.N),WAREAL(N,N),WORK (4000),WORK2(100), .

&AMPA. AMPB, TAU,TL(200) ,COUNT, OMEGAI, OmEGA2, X1 (200) OMEGART
.. REAL DA.DBETAA.ETAB,LX.LYROA,ROUACA, ACLBKX(N),KY(N),

&KX1,KYI,KXM,KYN,F,RO,MP,XO,YO,IMNZ,PRA,GAMmA,MU,NU,C,E,
&ilKX. HEY, PI, K, KP, OMEGA, OEGANO, QEGAMNI, OEGAMN2-------------------

INTRINSIC CMPLX
EXTERNAL r2T2B, FFTCI

CTHE NEXT 71W LINES ALLOW N TO BE LARGER THAN 64 POINTS
.... COMMON /WORKSP/ RWKSP

REAL RWKSP(8884)

C VARIABLE LIST

C DA - BENDING RIGIDITY OF THE FINITE PLATE
C_ DB -BENDING RIGIDITY OF THE INFINITE PLATE
C ETAA - DAMPING COEFICIENT FOR THE FINITE PLATE
C_ - ETA DAMPING COEFICIENT FOR TE INFINITE PLATE
C LX & LY - DIMENSIONS OF THE FINITE PLATE
C__ROA - DENSITY OF THE FINITE PLATE ....
C ROB DENSITY OF TIE INFINITE PLATE
C - ACIHA T1hICKNESS OF TlIE FINITE PLATE
C ACHB - THICKNESS OF EIe INFINITE PLATE
C__ RO = DENSITY OF FLUID _

C XO i YO - THE POINT W4-ERE THE INPUT FORCE F IS APPLIED
C__.Z -DISTNCE BETW.EEN TIlE PLATES .....
C PRA - PRANDEL NUMBER FOR FLUID
C_- GAMMA - SPECIFIC REAT RATIO FOR FLUID __.....
C MU - VISCOSITY OF FLUID
C - NU POISON'S RATIO . .... . ...
C C - SPEED OF SOUND IN FLUID
C EA - Seer MODULUS OF THE FINITE PLATE
C EB - SIEER MODULUS OF THE INFINITE PLATE
C _ X - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN X DIR_
C KYI - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN Y DIR

PARAMETER (F-1.0)
C INPUT FORCE TO TIE FINITE PLATE IS ASSUMED TO BE & UNIT FORCE (1)

OPEN (UNIT-25, FILE-'PRI000.DAT', STATUS-'OLD-)
OPEN (UNIT-26. FILE-'PRTLI000.OUT', STATUS-'NW') ... .....

C ANOTHER LINE SO N CAN BE LARGER TAN 64
- . CALL IWKIN(SU84)

C READ INPUT DATA FROM PR.DAT
READ (25,15) LX.,LYXO,YO,ACHAAOW- ........ ..

1s FORMAT(4F.3,2F8.6)
REA (25,25) ROO,ROB, ,ATA.,GAM...PR ...... ET..S .GM.. P

25 UFORMAT(2F8.2.F8.3,2F8.7,2FU.6)
READ (25.35) MU,C.EAEB.KXI.KY1

35 FORMAT(FS.7,F8.3,2E8.3 2F8.2)
.... READ (25,45) NUCKEGAI,OMtEGA2.INC.Z,OMEGA .............. ........ ..

45 FOMAT(F.4,F.1I.F16.1,I0,F8.3,F12.3)
C 1PTF'E TIe VALUE OF PI

PI-2.O*&SIN(1.0)
C COMIPUTE TIE BENDING RIGIDITIES
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_____fBtEB!ACiB!3.0)/(12.D!(1.0-NU!!2.0)).___
DSTABOCMPLX fDA, DA' ETAA)
ji2MR-ROAAkCH'LX!LY - -- ____ - _ __ __ -

WRITE:(26,11) LXLY
*1.F0RM.AT('. PAAME1TERS OF-FINITE PL&TE',/12. DIMENSIONS OE.P.iJ2E'

&'(tn') '-,Fel,. fLY) 'F., C~l'
.RMITC26,21) XOrO --

21 FORMATC' DRIVING POINT~ XO ',FB.3,' YO ',FB.3,'

WRITE(26,31) F -- - - -- __ ______

_31L FORMAT('-DRIING LnRCE_!F8.3.LA4N')
WRITE (26,41) ACHA

41-- FORftATC PLATE THICKNESS ',FS -6. f r.'-_ __

WRITE(26,51) ROA
-51 -- FORMIAT(' PLATE DE~NSITY ', FB. 3, t G/CU7-MrES')___

WRITE(26,61) EA
.6~FORMATI! MODULUS. -OF ELASTICITY _.E. 3, ' N/So-METESI)

WRITE(26,71) DA
1LIO RMAT ' -BENDING 11IGIDITX_.',EI2_4)__ -- _ ___ __

WRITEC26,81) ETAA
81 .- FORMAT(. -DAMPING COEFFICIENr' ,F8. 4).- -________

WRITE(26 .91)
~L~OB~&TL 4 !PARAMETERS-OF INFINITE PLATE' ,/)-.

WRITE(26,1O1) ACHS
_OlIV_,FRMAT( -PLATE THICKNESS '..6 '4 -..- _ ___

WRITE(26,111) ROB
flFORMATfLPLATE DE.NSIT....' * FB. 3,L.XG/CU=AETIERS')

wRiTEC26,121) ED
1712LJO1WAT11 hQDULUS.0FELE1ASTICITY .. ES. 3, L.. I/SG-METERS')

WRITEf26,131) DB
J13LI__OMATfL RENING RIGIDITY.--________

WRITEC 26,141) ETAB

I4RITE(26,151) Ro
-j5. ORMATUCAI. PARAMETERS MOR FLUID,/-,2. XMNIT__,FB.3

&KG/CU-METER')

WrRITE 26, 161). ~- ____ -_________

161 FORMAT(' VISCOSITY ',FS.7,' KG/M-S-)
-WRITE(26,181) C.-- . ~ --..-

181 FORMAT(C SPEED OF SOUND 'F8. 3,' MIS )
...4 ITE(26,191) PEA__....-________

191 FORMAT(' PRANDTL NUMBER ,F8.3)
____.JWITE(26,201) GAMMA-_ __________

201 FORMAT(' SPECIFIC HUAT RATIO ',F8.3)
__ RLTE(26.211) Z-.. -_________

21 FORMAT(' DISTANCE BETWEEN PLATES ',FB.3,' MI)
C.FE=uENCY iS_ TAKEN FROM1 125-T0 .1000 HZ. .

DO 1000 OKEGAI-21,30
____ EGA--2.O!PI'(10.0Q!CMEGAI/10.0)) -________

C THE LIMITS OF THE FEi. THE FFT IS TAKEN FROM -iCX/2.0 TO
C XX1/2.0 AND FROM -X~i/2.0 TO KY1fl.0

XXI-201.1

C ThE SAMPLE SPACING IS HIKX AM HK

HKY-KYI/N
C. - PARAMETERS EDE FF12 INVERSE FOUJRIER TRANSFORH SUBROUTINE________

NRCOEF-N

NCCEFrN

C INITIALIZATION ROUIfNES FOR 711E FF1 T ___

CALL FFINWFF2)

C K IS 7E WAVENLRBERIN THE FLUID
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K(OMEGA/C
C XCIS MIE COMPLEX WAVENUMBER_____ ______-

KC-(K)OPLX(1.0,(OftEGA*MU-((4.0/3.0)+((GAO4A-1.O)/PRA)
&)/(2.02RD'C?!2.0)))

C KP IS ThE PLATE WAVENUMBER
- 1('ROB'ACflBOEGA"22.0/DB)n".25 _ ______

C 1(PF IS THE COHiPLEX PLATE WAVENUhDER"v4.0
- 1PF- (ROBIAHB *OMEGA*! 2. 0/DD)!CMPLX(l. 0,ETAB) -__

DO 100 1-1,N
-- DO 100 JtlN ____

BTUIJ)-0.0
AT(I,J)i0.0 ___________

10 CONTINUE
C OftEGAZINSUB CALCULATES MhE UPPER AND) WLH MODES NUP, NLO-

CALL OfEGAMNSUB(NlO, NUP, OMEGA, ROA, ACI IA, DA. LX, LY)
C ThE PLATE HiOLES ARE TAKEN FROM EM. AND LN - NI.O TIO NUP- -

DO 200 EM-NLO,NUP

DO200EN-NLO.NUP OEA"- -----

&'PI/LY)"*2. 0)"2. 0)/(ROA'ACIA)

KYN-((2.0*EN+1.0)OPI/LY)
C-- COEFICIENT CALCULATES ThLE INPUT ARRAY TO 711E F!T .(COEF)-

CALL COEFICIEN'r (N,HKX,HKY,KX1,KYI,PI,KXM,KYN,
&K,1XC,XPF,Z,UX,XYLX,LY,EMEN,COEF)

C FI12 IS AN IMSL SUBROUTINE V~fICH CALCULATES THE 2-D FF1' OF
C-. A SET OF FOUB.IER COEFFICIENTS -.---- _ __________

C COEF(I,J) IS THE INPUT ARRAY
C A(I,3) IS THE OUTPUT ARRAY .- -_ ____

CALL F2T2B C NROEF, NCCOEF, A, WA, COEF, LDCOEF,WFF1 ,WFF2,
& WC ICPY).

DO 404 1-1,N
-DO 400 J-4, N ..-- __ __

B(1 ,J)-A( I 3)
El B(I,J),- (1.0/ (2. 0aPI)* 2 .)I4KX'llKY* ( (-l) vI1) 2( (I)!!)- )

&'D(I,J)'(COS(C2.0*E1+1.0)'PI1'XOfLX)'COS((2.D'EN+1.0)
-- &'Pl'YO/LY)/(OMEGAfNSO-MEGAI!2.0)) - _ __-__ -

BT(I,J)-BT(I,J)+Bl(I,J)
-A00 CONTINUE____
200 CONTINUE

- DO 500 Ivl,N
DO 500 J-1o,N 8 -- _ ___- _

- . WB(I.J)C(.,:z-sROOMEGA!'2.00TI J))(MP!DB)
WBREAL(I ,J)-WB( 1.3)

C- IJBREAL(I,J) IS THE REAL PART OF 711E PLATE-B RESPONSE-
C WB( 1,3) IS THE COMPLEX PLATE-B RESPONSE
500 CONTINUE

C THE FOLLOWING TLDJ DO-LOOPS CONVERT THE OUTPUT PLATE RESPONSE ---

C IN 711E X-Y PLANE SO THAT MIE RESPONSE SHOWS MLE CENTER OF TH1E.
C PLATE IN THE CENTER OF THE ARRAY
C
C 12 112

C~ 3 4 3 4
C X

C. 1 2 1i 2
C 3413 4
C Y

DO 600 1-1,N
DO 600 J31.N/2
TEIP-WDCAL( I,J)

-- ~ WDazAL(I J)-WDREAL(I.N/243).-. -- -

WDREAL( I ,N/24J )-TEMP
600 CONTINUE

Do 700 J-1,14
DO 700 I-I .1/2
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TEKP-WBREAL( I .)
_______WBREAL .J)B EA(N I,J). -_ _ _______

WBREAL(N/2+I ,J)TEMP
-700---cOrINUE -- _________

AMPB00
____COUNTT0 . Q( -.l -- ---

cCcALCuLATE THE &IPLITUDE OF VIBRATION IN TliE PORTION OF THE PLATE
C_hjDoVf BY THE UPPER PLATE.-

DO 800 I-(N/2)-(KX1'LX/(4.0'Pl)),(N/2)+(KX1'LX/(4.O'PI))
_____DO.800-(Nl)-(KYI'LY/C4.0'PI)), cN/)+(Kj.'LY/(4.02))

AKPB-AKPB+WBR.AL( I,J)--2.0
r.UNTum UN+lO 0 -- -

800 CONTINUE
C _AMpB IS 77E SURI OF 2H SQUARES OF THE PLATE RESPONSE OF THE .AREL... ___

C OF PLATE B SHADOWED BY PLATE A
C AMPTB IS AMPB, DIVIDED BY THlE NUMBER OF POINTS -- ______

AM MTBAKPB/COUNT
CCALCULATE niE VIBRATION RESPONSE OF PLATE A----_______

Do 250 EM-NW,NUP
--. 250.ENTN.ONJP -- ______

OMEGAKNSO.DSTAt(((2.E+l.0)'PI/LX)--2.0+((2.0'EN+1.0)
&!PI/LY)1E!2.0)1!2.0)/(ROA'ACHA) .- _________

DO 450 I-1,N

X-(-LX/2.0)+(LX'(I-1) )/N

A(I ,.)-(COS( (2. 0'EM+1.0) 'PI'XO/LX) )'(OS( (2. 0'EN+1. 0)

&'PI'Y/'LY) )/(OMEGAMNSQ-OMEGA"22.0)
-- AT(I,J)rAT?(IJ)*A(I,J) - .-- ____ _______

450 CONTINUE
-250 CONTINUE-- - - -

AMPA0. 0

DO 550 I,

WA(I,J)-(4.0'F/MP)*AT(I,J)
_______WAB.EAL(IJ)mWA(l,J) - _ _______

c wAREAL IS THE REAL PART OF THE PLATE RESPONSE OF PLATE A
CjiA xS THE-COM2LEX PLATE RESPONSE OF PLATE A - ________

AMPA-AMPA+WAREAL( IJ) "2.0

550 CONTINUE

C AMPA is THE SUM OF WHE SQUARES OF THE PLATE RESPONSE OVER PLATE A
C-AMETA-IS AdPA DIVIDED BY THlE NUIMER OE POINTS _______

WRITE (26,321) AMPTA,AMPTB
COt~trff AMPT&AND AM~r _ _ _ _ _

321 FORMIAT (25Xl AMPTA- ,E12.6,1 AMPTB- ',E12.6)
c-mmmuLLWING WF STATME TESTS IF AMPTE IS TOO SMLL ____

IF(AKPTB.LE.(10.0,*(-9O.O)))GO TO 650

C ACUETASISO LOSS-.--
-- TL(OMEGAI)' 10.0'(ALOGIO(1.0/TAU)) -

Xl (OMEGA! )-FLOAT(OKEG&I)
C. 0(fPT TRANSMISSION LOSS ~ .---- _______

wRITEC26,311)OMEGA/(2.OGPI) ,TL(OMEGAI)
-311. FORIIAT(F12.2,10XF6.2) .. .____

GMT 1000
6f50.......L(oMEAI)0. .-. ______

WRITE(26,311)OM WA /(2.O'PI) ,TL(OMEGAI)

SiMWRNCOEFICIENT (N,HKX.HKYKI, KY1,PI ,XXM,RXN,

&K,XCJcPF,Z.K,yLX,LY.,'l.EN.COEF)
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C COEFICIENT CALCULATES WHE FOURIER COEFICIENTS FOR USE IN TlfE
C - rrra sUBROUTrINE- _____________

REAL KX(N),KY(N),IMN,HICX,IiKY,PI,KX1,KY1,
-Ko &UKYN .LX, LX. K

INTEGER £M,EN,N
-- COMPLEX TEMP,KC.KPF,COEF(N,N)

DO) 10 I-iN
-- -DO 10 J-1. N

C TliE FF'T USES WHE INTERVAL FROM -KXI/2. 0 TO KX1/2. 0
C AND -KY1/2.0 TO 1QY1/2.0

--- -KY(J)t!(C3-I)'1fKY)-cKYl/2.0) - ___________

C THE FOLLOWING IF STATEMENTS DETERMINE IMN
- IF ((KXH"2.0 EO. XX(I)*12.0).AND.
fi(KYN"*2.0 .EQ. KY(J)",2.O))
LIM~NLXILY/4 .0

IF ((KXM"-2.0 .EO. KX(I)"-2.0).AND.
- &(KYN*2.0 .NE. XYCJ)"*2.0))

£IMN-LX'KYN'COS(KY(J)'LY/2. 0)'(-1 .0) "EN/

IF ((KXMO*2.0 .NE. KX(I)"*2.0).AND.
-- (KYN!"2.0 .EQ. XY(J)!l'2.0)) - __________

IF ((KXMsu2.0 .NE. KX(I)*02.0).AND.
......&KYN'2.0 .NE. IY(J)*"2.0)) -____________

£IMN-4 . 0'KXMKYN'COS(KX(I)'LX/2.0)*

&( (K~t"2.0-KX(I)"02.0)'(KYN'*2.0-
&.-KYLJ)T!2.0)) ---- __-_________

C THE FIOLL0WING L-STATEMENT TESTS IF THiE EXPRESSION IS
C...NEGATIVE FOR USE IN THE COMPLEX EXXPRESSION FOR COEECLJ)

IF (K"*2.0-KX(I)--2.0-KY(J)
-&!!2.0) 55, 65, 65 ___

55 TEMP-CMPLX(((ABS(K"2.0-KX(I)"*2.0-

GOTO 7 5
-65--- TEMP!.CMLX(0.0,(K"-2.0-KX(I)!1!2.0- - _ __

aKY(J)-"2 .0)w* 0. 5)*'Z)
_.75- CONTINUE
C CALCULATE COEF

COEE(I,J)-CEXP(TEMP)OIMN/ -______

-&((KX(I)i?2.0K(J)"*2.0)"!2.0-KPF)) - ____ _____

10 CONTINUE
---- RETURN

SUBROTI'NE OMEGAMNSUD C W, NUP ,OMEGA, ROA ,ACHA ,DA,*LX, LY)
r.- CKEGARNSUB COMPUTrES MLE UPPER AND LOWER MODES WHiICH THE PLATE. --

C RESPONSE IS SUMMED OVlER. NWO IS WHE WoOkR LIMIT AND NUP IS THE
C UPPER LIMIT.

INTEGER NW.,NUPNli
- REAL OMtEGA.ROAAOIA.DA,LX.LX,OMEGAMO,OMEGA 1,OHEGAMN2.21

P1-2.0OASIN( 1 0)
C INITIALIZE WM INCREMENT NUP

158 NLO.NLO~i
C CALCULATE RESONANT OMEGA FOR 111E EN-NlW. EM-NLO MODE

WtEGAIN(DA/(ROAAIA)).'CC2.0Q4W1.0)'PI/LX)"12.0

c. IF THIS RcsoNmAN OMEGA IS LARGER IIIAN OMEGA GO ON TO 258.. --

C IF NOT INCREMENT NLO ANM REPEAT
IF (amGAnNoNo.T.m"G) GOTO 258 --

GOTO 158
C INITIALIZE AMD INCREMENT NUP
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258 NUPl1
38 NU2-NUlt2 _. - _ __-__-- _ _

C3ALULT THE RESONANT OMEGAS MOR EN-IJUP, E2M-O AND EN-O, EM-NUP
C-MM -A T IF UARGER 7flLAN OMEGA_- ______

OMEGAMN(DA/(ROAAHA).5(((2.O*NUP+.OPI/UX)"2.O
s..t(PI/LY)?!2.0)-

OMGAMN2-(DA/(ROA'Aa4A))"*.5'C (PI/LX)"02.0
.-.tC(2.0O+.I.O)P/L)'i2.0). --

C IF LARGER TlhMJ OHM GO ON 70 458 IF NOT INCREMENT NUP ,REPEAT

-IF( (OKEGAINI. GT. MEGA). OR. (QHEGMN. GT. OMEGA)) GOTO 458
GOOTO 358

_A58 ._CklTINUE
C ADD THREE MODES TO UPPER LIMIT

- ... NUPmNUPt3- -- _ __

Nll-NW,
CSUTRACT 711REE liODES FROKI THE LOWER LIllIT,. ZERO IS 1 LE L T~l__

NIO-NIO-3

IF (NII.EO.i) NLO-O

WRITE (6,558) NLo,NuP
5 A M...lR~HAT 215) -___ _______

RETURN
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PROGRAM PRTL100
CDETERMINES THE TRANSMISSION LOSS BETWEEN PLATE-A AND_jLATE-_B_
C USING RMS VIBRATION LEVELS OF EACH PLATE

C WRITTEN BY MICHAEL F. SHAW

INTEGER Ot4EGAI, OMEGAB, OfIEGAT, INC, Efl, EN, I, J,

&NRCOEF, NCCO.F, LDCEF, LDA, N, NIU, NUP, N1 I
PARAMETER (N-64)
CM PLEX .DSTALR,OMEGAMNSQCOEF(NN),A(NN),Bl(N,N),-.

&BT(N,N) ,KPF,XC,WA(N,N) ,WB(N,N),AT(N,N) ,D(N,N),
. WC (N,N)

REAL WFFI(4*N+15),WFF2(4'N+15),CPY(N,N)
. REAL WBREAL(N.N), WAREAL(N.N), WORK (4000), ,IRK2 (100) .....
&AMPAAMPB,TAU,TL(200),COUNT, OMEGA1.OMLEGA2,X1(200),OMEGART

REAL DA.DBETAA.ETALX.L,RA,ROU,ACIIA.ACHB.KX(N),KY(N),
&KX1,KYIKXM KYN.F,RO.MPXOYOoIMN.ZPRA.GAMMAMUNU,C,E,

.... &H. HKY. PI, , KPOEGA, OOMEGAM, 1EGAMNIoO IGAMN2 . ..
INTRINSIC CMPLX
EXTERNAL 2T2B. FFTC--

C THE NEXT IM LINES ALLOW N TO BE LARGER T -AN 64 POINTS
C.. o N /WORKSP/ RWKSP-------------
REAL RWKSP(8884)

C_.
c VARIABLE LIST
C-

C DA - BENDING RIGIDITY OF THE FINITE PLATE
C.._ DB -BENDING RIGIDITY OF THE INFINITE PLATE -...

C ETAA - DAMPING COEFICIZT FOR THE FINITE PLATE
C_..ETAB DAMPING COEFICI':r FOR THE INFINITE PLATE-,-+---
C LX & LY - DIMENSIONS OF THE FINITE PLATE
C__ ROA DENSITY OF T71E FINITE PLATE
C ROB - DENSITY OF THE INFINITE PLATE
C.._ AHA - THICKNESS OF THE FINITE PLATE- ..
C ACHB - THICKNESS OF TIE INFINITE PLATE
C. RO - DENSITY OF FLUID
C XO & YO - THE POINT WHERE THE INPUT FORCE F IS APPLIED
C_. Z - DISTANCE BETWEEN THE PLATES ...........
C PRA - PRANDEL NUMBER FOR FLUID
C _GAM A. - SPECIFIC hlEAT RATIO FOR FLUID ... ....
C MU - VISCOSITY OF FLUID
C_- NU= POISON'S RATIO . .. .........
C C - SPEED OF SOUND IN FLUID
C__ EA = SEER MODULUS OF THE FINITE PLATE
C EB - SHEER MODULUS OF THE INFINITE PLATE
C_. KXI - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN X DIR....
C KYI - UPPER WAVENUMBER LIMIT IN FINITE PLATE IN Y DIR

PARAMETER (F-I.0)
C INPUT FORCE TO TIE FINITE PLATE IS ASSUMED TO BE A UNIT FORCE (1)

OPEN (UNIT-25, FILE-'PRIOO.DAT', STATUS-'OLD-)
OPEN (UNIT-26, FILE-'PRTLI00.OUT'. STATUS-=NEW).

C ANOTHER LINE SO N CAN BE LARGER THAN 64
CALL IW1.N(.884)

C-READ INPUT DATA FROM PR.DAT
READ (25.15) LX.LY,.XO,Y ,A A.Au .. . ......~. .

15 FORMAT(4FB.3,2F8.6)
READ (25,25) ROA.ROB.ROETIAAETABGAhMAPRA

25 FORMAT(2F8.2,FB.3.2F8.7,2F8.6)
READ (25,35) MU,CEA.EB.KXJ.,I ....

35 FOMLT(F.7,,F8.3,2E8.3,2F8.2)
READ (25.45) NU.OMEGA1.OIEG2.INC.Z.MEGA .....

45 FORMAT(FS.4,FS.I,FI6.1,18,FS.3,FI2.3)
C COMPUTE TilE VALUE OF PI

PI-2.0*ASIN(I.0)
C COiPTC TILE, BENDING RIGIDITIES
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DA-(EA-ACHA"3. O)/( 12 0' (1. O-NU"2. 0) )
_ JBT(EBM2B5. )f120 1.0.U'2Q

DSTAR-CMPLX (DA,DA' ETAA)

bIRITE(26,11) LX,LY
J.L.. FORMJ.TC PARAMETERS OF FINITE PLATE '..LDIMENSIONS 0tLPI2= _____

W, (LX) "F8.3,' (LY) ',FB.3,' METERS-)
____..WITE(26,21) XO,Y0O.- . - _ ______

21 FORMAT(' DRIVING POINT XO ',F8.3,1 YO ',.,

WRITE(26,31) F
_31- MT ('_DRIVING ZZORCE '- F8 N - -

WRITE(26,41)ACIIA
4LE ORMAT(' PLATE THICKNESS .5 L )___..-_________

WRITE(26,51) ROA
51. -. E'ORMATL' PLATE DENSITY ',F8. 3,' KG/CU-:METERS') -_______

WRITE(26,61) CA
. - FORMAT(! MODULUS OF ELASTICITY 1,E8.3.N/sO,-METERSL')

WRITE(26,71) DA
FRMAT(' BENDING RIGIDITY ',E12.4)
WRITE(26,81) LTAA

.8L.'QRAT('DAMINGCOEFFICIENT' ,F8.0)
WRITE(26,91)

-21 -iRMAT(/,-: PARAMETERS OF INFINITE PLATEI./).. - _________

WRITEf 26,101) AC1B

WRITE(26,1l1) ROB
__1 .FORMAT(' -PLATE -DENSITY ESF. 3, 2 - KG/CU-1rERE') -________

WRITE(26,121) EB
J2L..EORMATI L21ODULUS..OF.ELASTICITY. 2.,ES .3 L_..N/SO-METERS !)

WRITE(26,131) DB
J3L.FOM&MT( LBENDIN'G .. IGIDITY..E2 )- ~ - ______

WRITE(26,141) ETAB
.14L.._'DMAT( !.DAMPING COEFICIENT'. ES 1 -----

WRITE(26,151) RO
151-...DRUAT(4/2 PARAMETERS FOR FLUID'-#/,.-DENSITY. ,1S. 3

6' KG/CU-METR')
------ ITE(26,161) IM._-
161 FORMAT(* VISCOSITY ',F8.7,' KG/H-S')- _ __

_ WRITE(26,181) Z.........
181 FORMAT(' SPEED OF SOUND ',F8.3,' M/S.)

WR.ITE(26..191) PR.&
191 FORMAT(' PRhNDTL NUMBER ',P8.3)

WIT(26,201) GAMMA. - -

201 FORMATC SPECIFIC HEAT RATIO ',F8.3)
- I-WITE (26,211) Z_

211 FORMAT(' DISTANCE BETWEEN PLATES ',F8.3,1 M-)

C THE FREQUENCY* RANGE IS TAKEN FROM 10 TO 100 HZ

301 FORMAT(' FREQUENCY (HZ) -TRANSMISSION LOSS '
M 1000 flMEG&ILm0, 20.
CIIEGA-2. 0'Pl*(10. 0"(OIEGAI/10.0))

C.XXfl. AND 1%I.-ARE .-- _______

C THE LIMITS OF THE rrr. 1HE FF1' IS TAKEN FROM -KX/2.0 To
C UAX/2. 0AND Fitlvi -KYI/2. 0 TO KXI/2. 0

KX-62.9

CTHE SAMPLE SPACING IS HKX AND HEY

HKY-ICYl/N
C P AHETERS 201 fI2B INVERSE FOURIER TRANSFRM, StROUTIM

NRCOEF-N

WDA-N
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C INITIALIZATION ROUTINES FOR W1E FEr
- CALL F M.INWFI) - -- __

CALL F FTC I(N,WFF2)
C-- IS TIlE WAVENUMBER. IN MLE FLUID ___ __

K-OEGA/C
C..-.KC IS 71LE COMPLE-X WAVENUMBCR -___

KC-CK)'CMPLX(1.0,(0MEGAOMU'((4.0/3.0)+( CGAIINA-1.0)/PRA)
-- )/(2.0*ROeC"92.0))) - ----

C KiP IS THE PLATE WAVENUMBER
KP-CROB'ACIlB'0MEGA!!2.0/D)B)"*.25 -

C KPF is THE COMPLEX PLATE WAVENUMBER"04.0
- KPF- (RO* AH Ow'GO- f2. B) CPLX (1. 0, E!A)

DO 100 1-1l,N
- DO 100 J-1,N

BT(I,J)-0.0
AT(I.J)-O.O

100 CONTINUE
C OMEGAZINSUB CALCULATES 7HE UPPER AND LOWER MODES NUP * NWO

CALL OMEGAMISUB(NWO,NUP,OMEGA,ROA,ACIIA.DA,LX,LY)
C- THE PLATE MODES ARlE TAKlEN FROM EM AND) EN -! NO TO NUP --

DO 200 EM-NLO,NUP
DO 200 EN-NLONUP - ----

C OMEGAN isQ niTE RESONANT OMEGA 2
-OMGAMNSQ-DSTAR'c((c2.0'EM+1.0)'PI/X)'t.2.0+((2.0'ENt1.0)-_____

&vPI/LY)*2. 0)"2. 0)/(ROAwACHA)
MZ1,((2.0,EK+1.0)*PI/LX)___
KYN-((2.0'EN+1.0)*PI/LY)

rC-COEFICIENlT CALCULATES WhE INPUT ARRAY TO THE FF1' (COEF)..--
CALL COEFICIENT (N,HKX,EIIY,KX1,KY1,PI,KXM,KYN,

&K.EC,KPF,Z,KX,KY,LXLY,EM4,EN,COEF) __

C FMB2 IS AN IMSL SUBROUTINE V110Ci CALCULATES THE 2-D FF1' OF
C...A SET OF FOURIER COEFFICIENTS-
C COEFI,J) IS THE INPUT ARRAY
c-. A(IJ) IS TlE OUTPUT ARRAY --

CALL F2T2B (NRCIF, NCCEF, A, WA, COEF, LOCEF, WFF1 ,WFF2,
AWMCCPY) --

DO 400 1-1,N
-- DO 400 J-1,N- .- _ _____

BCI,J)-A(I,J)

£'B(I,J)'(COS((2.0'EM+l.0)'PI'XO/LX)'COSU(2.0*EN+1.0)
- £PI'YO/LY)/(OMEGAMNSO-0OMEGA"22.0)) -

BT(I,J)-BT(I,J)+Bl(I,J)
400, CONTINUE- _ _-

200 CONTINUE
DO 500 I-1,N 8
DO 500 J-1, N6?a

- WB I, J) - ( -A 0) FROOMEGA! . 0 BT (I, )/MPIDB)
WBREA(I,)-W'B(I,J)

C- WDREAL( 1,J) IS WhE REAL PART OF THE PLATE-B RESPONSE -- ~*--
c WB(I,J) IS 711E COMPLEX PLATE-B RESPONSE

500 CONTINUE
C THE FOLLOWING 1i0 DO-LOOPS CONVERT W~E OUTPUT PLATE RESPONSE
C. IN ThE XY PLANE SO ThAT Th1E RESPONSE SHOWS 71LE CENTER OF TILE
C PLAIT IN WhE CENTR OF THE ARRAY
C-
c 12 112
c. 3 4 3 4---- -

C
C.. 12 112
C 3413 4
C. Y

DO 600 I-1,N
- D 600 J-1,N/2

TEIP-WDRCAL( I,J)
WBREAL( I,J)-WDRCAL( I,N/2+J)
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WBREAL( I, N/2+J )-TEMP

600 - CONrrzNUE. ____- _________

DO 700 J-1,11

TEHP-WDREAL( I,J)
WBRMALIJ)I!WBREAL(N/2tI,J)+ -________

WBREAL(N/2+I ,J)-TEMP
200 -__ CONTINUE.... -______

AMPD-0.0
-__ _ CUr~~-0____---
C CALCULATE THE AKPLITUDE OF VIBRATION IN THE PORTION OF THE PLATE
C. SHADOtED.BY THE UPPER PLATE - - -___

DO 800 I-(N/2)-(KX1'LX/(4.0'PI)),(N/2)+(KX1'LX/(4.0'PI))
_____DO .800 Jm(N/2)-K1LY/(4.0P)),(N/2)t(Y1LY/(4.0, t.-

AMPD-AKPB+WBREAL( 1,3) *2.0
MUN-COJNT+1. 0.. . .- ____

800 CONTINUE
C .. AMPB.IS THE SUN OF THE SQUARES OF THE PLATE RESPONSE OF THE AREA-.
C OF PLATE B SHADOWED BY PLATE A
C-.AM2mB IS AMPB DIVIDED BY THE N[DUIER OF POINTS

AMPTB-AMPB/COUNT
C. CALCULATE THE VIBRATION RESPONSE OFELPATE A-

DO 250 EM-NWO,NUP

OIEGAMNSQ -DSTAR'((((2.0'1211.0)'PI/LX)"*2.0+(2.0'EN+1.0)
hLi1jY)!'2.0!, 2.0)/(ROAACH&) - -

DO 450 I-1,N

X[-(-LX/.0)+L-I-1))/N - _ _ _

&'Pi'y/Ly) )/(omEGA2'2Q-omEGA,'2.0)
kA(I,J)e&TtI,j)+A(1.j) ._________

450 CONT'INUE
-250.COMNINUE________- --

AIIPA-0. 0

DO 550 I-1,N

WA(I,J)-(4.0*F/MP)*AT(I,J)

C WAREAL IS THE REAL PART OF THE PLATE RESPONSE OF PLATE A
rCWASTHELCOMLEX-.PLAT RESPONSE- OF.PLATE A - _ __

AMPA-AMPA+WAREAL(I ,J)*02.0

550 CONITINUE
AM -IL!MA/MOuff______-

C AI4PA IS THE SUM OF THE SQUARES OF THE PLATE RESPONSE OVER PLATE A
C-AMMJA IS.J11k DIVID BY THE NMIBER OE POINTS -

WRITE (26,321) AMPTA,AMPTS
CF-IT. ANTA. h1MAT.. -.-- _ ______

321 FORmAT (25X,l AMPTA- 1,E12.6,' AMPTB- ,E12.6)
C-MHE.FOLLOWING IF .STMIENTI TESTS IF AMP1b IS TOVO StALL --

IF(AKPTD.LE.(10.0**(-90.0)))GO TO 650
- TAUFANPT/AtTA.. -

C CALCULATE TRANSMISSION LOSS

X1(OMEGAX )-FWAT(ONEGAI)
CODUIT.TRAMSILSS-.... ___

111 L F...ORMTF2.2,10X..F6.2)- .--

Gam1 1000
WIE 631OrjV2 *I,Th( OMEGAI)- -____

1000 CONT'INUE
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SUBROUTINE COEFICIEIr (N,IIKXIIKY,KX1,KY1,PI,KXOK,KYN,
-- X1C.xPF,Z.YX.a.LX,LYEM,ENCOEF) -_________

C CEFICIEyr CALCULATES THE FOURIER COEFICIENTS FR USE IN THE
C-.FET2B SUBROUTINE..

REAL KX(N),KY(N),IMN,HIKX,IIKY,PI,KXI,KYI,

INTEGER EK,EN,N
COMPLEX TEMP,hIC,XPF,COE.F(N,N) -- _____

DO 10 I..1,N
DO 10 J-11N -

C THE FF1! USES THE INTERVAL FROM -KX1/2.0 TO KX1/2.0
C-AM~ -KY1/2.0 TO EYI/2.0

KY (J)-U(J-1)*JiKY )-(KYl/2.0) -- -

C THlE FOLW4WING IF STATEMENTrS DETERMINE IMN
- - IF C(KXKH"2.0 .EQ. KX(I)**2.0).AND . -- -

&(KYN**2.0 .EQ. XY(J)"*2.O))
-- lkN-LXLY/4.0

IF (CXXM*'2.0 WE. XCI)"2.0).AND.
&(KYW"2.0..NE. KY(J)222.0)) -. .-

£IMN-LXOKYN'COS(KY(J)*LY/2.0)'(-1.0)"OEN/
& (KYN a2. 0-KXLJ) *2. 0)

IF ((KMh"2.0 .NE. KX(i)**2.0).AND.
&(KYU,'2.0 EQ0. KY(J)"12.0))___________
£.IMN-LY*KXM'COS(KX(I)'LX/2.0)C(-1. 0)"OEM/
£fXXM**2.0-KX(I)n92.0) ___

IF ((KDI"O2.0 .NE. KX(I)-*2.0).AND.
- - &(KYN!2.0-.E. xy(j)**2.0)) -- ___________

&I1UJ-4.OO'JXM'KYN'COS(Kx(I) BLX/2.0)*

- K(J)-"2.0)) -____

C THE FOLLWING IF-STATEMENT TESTS IF 711E EXPRESSION IS
CNEGATIVE FMR USE IN MIE COMPLEX EXXPLIESSION FOR COEF(I,J) - __

IF (K"*2.0-KX(I)-2.O-KY(J)
..... &!2.0) 55, 65, 65

55 TEMP-OI4PLX((CABS(K*'2.0-KX(I)"02.0-

GOTO 75

AKY(J)*2.0)--0. 5)*Z)
SCONTINUE--

C CALCULATE COEF
.-- COEF(I,J)-CEXP(TEMP)*IM/
&C (KC"-2.0-KX(I)"02.0-KY(J)"*2.0)*. 5'
&((IX()"*2.0I(J)"*2.0)"*2.0-KPF))

10 CONTINUE
RETURN
END

SUBROUTINE OIIEGAMNSUB (NWD. NUP, OMEGA , ROA , ACHA D A, LX, LY)
C.-OMEGAZINSUB COMPUTES T1hE UPPER AND WWER MODES V141101 WE PLATE -

C RESPONSE IS SUMMED OVER. NWD IS THE LW'NJ LIMIT AND NUP IS WIE
C- UPPER LIMIT.

INTEGER NLO,NUP,Nl1
- .. REAL OMEGA, BOA AC1A.D.ALX.OMQEGAMN.OMEGAMN41,OMEGAMN2 #PI -

P1-2. O'ASIN( 1.0)
C....INITIALIZE AND INCREMENT MW- - -

NLO--1
.SO- NW.'-Nl

C CALCUILATE RESONANT OHM FMR 711E EN-NWO, EM-NLO MODE
- OMEGAMO-(D/(ROA'AdIIA".5((2.0N4.0)'PI/LX)?,!2.0
A+( (2.O't4j1.0) mPI/LY)"%2.O)

.C IF THIS RESONANT OMEGA IS LARGER WT~AN OM4EGA GO ON TO 258
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C IF NOT INCREENT NLO AND REPEAT
- It- (OHEGAtNO.GTLOMEGk) G010.258 _____

G070 158
C. INITIALIZE ANKLNCBREEN NUP - - -- _ _______

258 NUP-1
358 _NUP!pNUP+l - ________

C CALCULATE 111E RESONANT OMIEGAS FOR EN-NUP, EI-O AND EN-O, EDINUP
C MDES AND-...STIF LARGER MLIAN OMEGA-- - _______

OMEGANI- (DA/ (ROAs AOiA))". 5 C(2.O0'NUP+l.O6) 9Pi/LX) a2.O0

OiIEGAMN2-(DA/(ROA'AoiA) ) '. 5-((PIfLX)-"2.O
..t(2. !NU+. 0)?PI/LY)!22. 0) - - -_______

C IF LARGER THAN OMEGA GO ON TO 450 IFNO'r iNcRDENT NUP REPEAT
1---P( (OMEGAMNL.GLOMGA) .OR. (OMEGAMN2.GT.OMG&)) GO1D 458 _______

GOTO 358
458.. - CONINUE.~- ___

C ADD MIREE MODES TO UPPER LIMIT

Nil-NWO
C._SURhACI! ZiREE. .MOES FROMI THE-LOWER L-'kLIT, -.ZERO .IS ThE LWEST XLO..

NW,-NL4D-3

IF(N11.EQ.1) NLO-O
IF(N.LLEO.2) NL~o - __ ______ ________

WRITE (6,558) NINUP
..558 ....... FORT4 215)

RETRN
END __ _ _ __
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Sample Input

1.000 1.000 0.000 0.0000.UU1587O.001587
7860.0007860.000 1.204 0.10000 0.10000 1.4000 .706.0000184 343.000 200.0E9 200.0E9 402.1 402.1

0.2900 10.0 10000.0 1 0.100 21020.0


